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Operable Unit 1F e a s i b i l i t y S t u d y Report Addendum________

I N T R O D U C T I O N

This document presents an addendum to the Feas ib i l i ty Study (FS) Report for Operable Unit 1 of
the Vasquez Boulevard and Interstate 70 (VB/I70) S u p e r f u n d S i t e located in the north-central section of
Denver, Colorado.

The purpose of the FS is to id en t i fy and evaluate a range of remedial alternatives to address
predicted unacceptable human health risks associated with potential exposure to contaminated soils and
homegrown vegetables in residential yards. The FS Report was f inalized in November, 2001. In that
report, EPA established preliminary action levels, remedial action objectives, and preliminary remediation
goals. Five remedial alternatives were developed and evaluated. The f ive alternatives were:

Alternative 1 - No Action
Alternative 2 - Community Heal th Program, Ti l l ing /Trea tmen t (Lead), Targeted
Removal and Disposal (Arsenic)
Alternative 3 - Community Heal th Program, Targeted Removal and Disposal
Alternative 4 - Community Heal th Program, Expanded Removal and Disposal
Alternative 5 - Removal and Disposal

Based on the evaluation of the 5 alternatives in the FS Report, EPA and the Colorado Department
of Public Heal th and Environment (CDPHE) ident i f i ed Alternative 4 as the preferred alternative giving
substantial consideration to the State Acceptance criterion. In May, 2002, EPA issued a proposed plan
that summarized the evaluation of alternatives, ident i f i ed Alternative 4 as the preferred attemative, and
requested public comment.
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A 60-day public comment period fo l lowed the release of the proposed plan. The pubic provided
extensive comments on EPA's and CDPHE's preferred alternative. Many who provided comments
expressed concern that under Alternative 4, soil with lead levels above EPA OSWER's screening level for
lead in soil of 400 m g / K g (EPA, 1994) would not be removed and replaced. Some were concerned that the
EPA regulations under the Toxic Substances and Control Act establish the f o l l ow ing lead-based paint
hazards (40 CFR Part 745.65): "bare soil on residential real property or on the property of a child-
occupied f a c i l i t y that contains total lead equal to or exceeding 400 parts per million in a p lay area or
average of 1,200 parts per million of bare soil in the rest of the yard based on soil samples." The
commenters suggested that EPA would not be f o l l ow ing its own regulations unless soil was removed from
properties in OU1 where lead levels exceed 400 m g / K g . Some who provided comments expressed concern
that soil with arsenic levels above the 70 m g / K g action level established in 1993 for residential properties at
the Asarco Globe site would not be removed and replaced and asked EPA for an explanation of the
d i f f e r enc e s in the levels established for Globe and VB/I-70 as well as other sites.

A remedial alternative that requires soil removal and replacement at yards where the arsenic EPC is
greater than 70 m g / K g or the lead EPC is greater than 400 m g / K g was not evaluated in the November 2001
FS Report Consequently, EPA, the Stat e , and the community did not have information about how
e f f e c t i v e l y such an alternative meets the nine criteria in the National Contingency Plan (NCP) (40 CFR Part
300).

EPA responded to the publ ic comments on the May 2002 proposed plan by developing and
evaluating a new alternative, Alternative 6 that would require soil removal and replacement at yards where
the arsenic EPC is greater than 70 mg/Kg or the lead EPC is greater than 400 m g / K g . These arsenic and
lead levels are consistent with the arsenic action level at the Globe site and EPA's screening level for lead
in soil (EPA, 1994). The development and evaluation of Alternative 6 will be presented to the State and
the community in a new Proposed Plan. EPA will evaluate State acceptance and community acceptance of
Alternative 6 once comments are received on the new Proposed Plan.
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This addendum to the November 2001 FS Report provides the development and evaluation of the
new Alternative 6 against the nine criteria in the NCP. The addendum includes the f o l l ow ing new or
modified report sections and appendices:

• Executive Summary (revised);
• Section 5.6 - Development of Remedial Alternatives; Alternative 6 Community Heal th

Program, Further Expanded Removal and Disposal (new);
• Section 6.6 - Detailed Analysis of Remedial Alternatives; Alternative 6 Community Heal th

Program, Further Expanded Removal and Disposal (new);
• Section 7.0 - Comparative Analysis (revised);
• Section 8.0 - References (revised);
• Figure 5-2 - Residential Properties with Yard Soil s Containing Lea or Arsenic Concentrations

Above Action Levels (Alternative 6) (new);
• Append ix B - Detailed Cost Estimates (revised); and
• Appendix C - Management of Risks Associated with Lead and Arsenic in Residential Soils,

Vasquez Boulevard/Interstate 70 Super fund Site (revised).
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E X E C U T I V E S U M M A R Y

I N T R O D U C T I O N
This document presents the Fea s i b i l i ty S t u d y (FS) for the O f f - F a c i l i t y Soi l s Operable Unit of the

Vasquez Boulevard and Interstate 70 (VB/I70) Super fund Site located in the north-central section of
Denver, Colorado. The VB/I70 Si t e is an Environmental Justice site because the community is
predominantly low income and minority and is disproportionately a f f e c t e d by environmental impacts from
many sources including industry, other S u p e r f u n d sites, and major transportation corridors. The purpose
of the FS is to i d e n t i f y and evaluate a range of remedial alternatives to address the predicted unacceptable
health risks associated with potential exposure to contaminated soils and homegrown vegetables in
residential yards. This FS has been prepared in accordance with EPA O f f i c e of Solid Waste and
Emergency Response ( O S W E R ) Directive 9355.3-01, Guidance for Conducting Remedial Investigations
and Feas ib i l i ty Studies Under CERCLA and consistent with EPA regulations in the National Contingency
Plan (NCP) (40 CFR Part 300).

The VB/I70 site covers an area of approximately four square miles in north-central Denver,
Colorado. For the purpose of investigation and remedy development, the site has been divided into 3
operable units (OUs). The residential soils evaluated in this report are known as the O f f - F a c i l i t y Soi l s
Operable Unit 1 (OU1) portion of the site. The locations of the former Omaha & Grant Smelter and Argo
Smelter are identi f ied as On-Facility Soi l s OU2 and OU3, respectively. The site is composed of a number
of neighborhoods that are largely residential, including Swansea/Elyria, Clayton, Cole, and portions of
Globeville. Most residences at the site are s ingle- family dwell ings, but there are also some mult i- family
homes and apartment buildings. There are approximately 4,000 residential properties within the site
boundaries. The site also contains a number of schools, parks, and playgrounds, as well as commercial and
industrial properties.
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The site came to the attention of die U.S. Environmental Protection Agency (USEPA) fo l l owing
studies directed by the Colorado Department of Public Heal th and Environment (CDPHE) at the nearby
Globe Smelter. These studies had ident i f i ed elevated concentrations of arsenic and/or lead in residential
yards within Globevi l l e , and also extending into the Elyria and Swansea neighborhoods.

The USEPA Emergency Response Program conducted two removal assessment-sampling
programs, known as Phase I and Phase n, at residential properties within the VB/I70 study area during
1998. The sampling results at 18 properties warranted time critical soil removal based on surface soil
concentrations exceeding 450 m g / K g arsenic or 2,000 rug/Kg lead.

Based on the Phase I and Phase n results, the USEPA determined that residential properties within
the VB/I70 site contained soils with arsenic or lead at levels that could present human health concerns over
long-term exposures. On this basis, the site was proposed for l i s t ing and was added to the National
Priorities List (NPL) on July 22, 1999.

S U M M A R Y O F REMEDIAL I N V E S T I G A T I O N F I N D I N G S

A study and two additional investigations were performed between 1998 and 2000 in support of the
Baseline Human Heal th Risk Assessment:

• Physico-Chemical Characterization Study
• Residential Risk Based S a m p l i n g Investigation
• Phase III Field Investigation

Data generated from these investigations are reported in the Remedial Investigation (RI) report,
which was issued in final form in July 2001. The Baseline Human Heal th Risk Assessment was also issued
in final form in August 2001. Key RI and risk assessment f ind ing s with respect to the development of and
evaluation remedial alternatives for VB/I70 OU1 are as f o l l o w s :
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• Generally, metals concentrations are highest ifl the f irst two inches of soil and
decrease with depth.

• Ninety-one percent of the properties contain mean lead concentrations below the
EPA screening level for lead in soil of 400 m g / K g .

• It is estimated that background levels of arsenic are well-characterized as a
lognormal distribution with a mean of 8 m g / K g and a standard deviation of 3.6
m g / K g . Based on this, background levels may range up to about IS m g / K g or
s l igh t ly higher.

• Lead levels in bulk soils range from below the detection limit (about 52 m g / K g ) upto a maximum of more than 1,000 m g / K g . If it is assumed that the upper range of
lead concentrations resulting from natural and area-wide anthropogenic sources is
about 400 m g / K g , then the mean of all samples that are less than 400 m g / K g is
about 195 m g / K g .

• There is only a weak correlation between the occurrence of elevated lead andelevated arsenic in soil, suggesting mat the main sources of lead and the mainsources of arsenic in yard soil are not likely to be the same.
• Some residential properties contain arsenic at concentrations substantially higherthan the expected natural levels. Properties with elevated levels of arsenic occur at

widely scattered locations across the site with no clear spatial pattern. At ana f f e c t e d property, the contamination appears to be distributed across the yard
area, with a f a i r l y clear boundary between the a f f e c t e d property and the adjacentproperty. The chemical form of arsenic is predominantly arsenic trioxide.

• Lead also occurs at elevated levels in soil at some residential properties.Elevations occur in all neighborhoods of the she, but levels tend to be higher on
the western part of the she than the eastern part.

• Lead was detected in paint at most locations where paint was sampled, with 130out of 144 samples having values above 1 mg/cm2. These data suggest matinterior and/or exterior leaded paint might be a source of lead exposure in area
children, either directly (by paint chip ingestion), or indirectly (by ingestion of dustor soil containing paint chips).

• Using EPA's DEUBK model to evaluate the risk to children, it is estimated that
about 45% of residences have levels that exceed USEPA's health-based goal (nomore than a 5% chance that a child will have a blood lead value above 10 ug/dL).
Of these, many (about 71%) have mean lead concentrations lower man 400 ppm
(the USEPA screening level for lead in soil). This is mainly because the she-
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sp e c i f i c relative bioavailability for lead (84%) is higher than the de fau l t value
(60%). In order to help determine whether the EEUBK model is yielding reliable
predictions at the VB/I70 site, USEPA compared the IEUBK model predictions to
actual observations of blood lead levels in the population of children currently
living at the site. Even though the available data are from studies that were not
designed to support risk assessment, they do support the f o l l o w i n g

A. Elevated blood lead levels occur in children residing within the
site.B. Soil is not likely to be the main source of elevated blood leadlevels.C. Elevations are not clearly d i f f e r e n t from areas outside V B / I 7 0 .

In order to investigate the uncertainty of the IEUBK model predictions, USEPA
performed alternate IEUBK modeling by revising the model parameters using
newly published data. Using the most-recent data available on soil intake rates bychildren measured during a study by Stanek and Calabrese, the IEUBK model
predicts that there are no residences where USEPA's health based goal will beexceeded.

• Mean arsenic concentrations in surface soils in schools and parks range from
below the method detection limit of 11 m g / K g to 26 m g / K g . The mean lead
concentrations range from 67 to 256 m g / K g .

• In some cases, levels of arsenic in yard soil are s u f f i c i e n t l y elevated to pose a
reasonable maximum exposure (RME) excess l i f e t i m e cancer risk above a level of
IE-04. Based on current data, about 3 percent of all properties fall into this
category. Monte Carlo modeling performed as part of the uncertainty analysis in
the Baseline Human Heal th Risk Assessment indicates that the RME point
estimate is located at or above the 99* percentile of the probabi l i ty distribution of
risk. Non-cancer risks from chronic or sub-chronic RME exposures to arsenic arealso above a level of human health concern at some properties. All of these
properties are also predicted to have RME cancer risks above IE-04. 30
properties had arsenic levels that warranted time critical soil removal. These 30
properties were cleaned up by EPA in the f a l l of 2000.

Screening level calculations suggest that high level intake of soil associated with pica
behavior in children might be of acute non-cancer concern at a large number of
properties at the site. Because data are so sparse on the actual magnitude and
frequency of soil pica behavior, and considering that discussions continue to occur
nationally on the most appropriate acute Reference Dose (RfD) for arsenic, it is
d i f f i c u l t to j u d g e which (if any) of these properties should be considered to be an
authentic acute health risk to children. In this regard, ft should be noted that even
though many peop l e are exposed to arsenic levels in soils that are predicted to be
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of acute concern, both within the VB/I70 site and elsewhere across die country and
around the world, to the best of USEPA's knowledge, there has never been a
single case of acute arsenic toxicity reported in humans that was attributable toarsenic in soil. Thus, these results for the acute pica scenario are considered to be
especially uncertain, since they predict a very substantial risk for which there is no
corroborating medical or epidemiological evidence.

Since the FS Report was released by EPA in November, 2001, a community health study known as
the "Kids at Play" (KAP) Heal th Survey has been performed within the VB/I70 Si t e by the Colorado
Department of Public Heal th and Environment (CDPHE) and the University of Colorado Heal th Sciences
Center. The study was funded through a grant from the Agency for Toxic Substances and Disease
Registry (ATSDR). EPA funded and performed the chemical analysis of biological samples. The door-to-
door survey includes: (1) a census of resident children less than 6 years old; (2) a questionnaire about child
behaviors related to soil contact; (3) collection of samples for blood lead analysis and urine arsenic
analysis. To date, 1340 children have participated in the KAP survey. Preliminary results indicate that
less than 3.2% of children tested have blood lead levels greater than 10 micrograms per deciliter (ug/dL)
and less than 1% of children tested have initial urinary arsenic levels greater than 30 micrograms per liter
(ug/L), a level which ATSDR considers to be within normal levels. Upon repeat sampling no children had
urinary arsenic levels greater than 30 ug/L.

REMEDIAL A C T I O N O B J E C T I V E S

The overall Remedial Action Objective (RAO) is to protect human health. Based on the f indings of
the risk assessment, the exposure pathways of concern for residents in V B / I 7 0 OU1 are: incidental
ingestion of soil and dust in and about the home and yard; ingestion of home-grown vegetables; and
intentional ingestion of large amounts of soil by children who exhibit soil pica behavior. The contaminants
of concern are arsenic and lead. EPA developed the f o l l ow ing spec i f i c RAOs for arsenic and lead in soil at
OU1:
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RAOs for Arsenic in Soil

A. For residents of die VB/I70 site, prevent exposure to soil containing arsenic in levels
predicted to result in an excess l i f e t ime cancer risk associated with ingestion of soil and
ingestion of home grown garden vegetables which exceeds 1 x 10"* using reasonable
maximum exposure assumptions.

B. For residents of the VB/I70 she, prevent exposure to soil containing arsenic in levels
predicted to result in a chronic or sub-chronic hazard quotient associated with ingestion of
soil and ingestion of home grown garden vegetables which exceeds 1 using reasonable
maximum exposure assumptions.

C. For children with pica behavior who reside in the VB/I70 site, reduce the potential for
exposures to arsenic in soil that result in acute e f f e c t s .

R A O f o r T f < H t i S n i l

D. Limit exposure to lead in soil such that no more than 5 percent of young children (72
months or younger) who live within the V B / I 7 0 site are at nsk for blood lead levels higherthan 10 ug/dL from such exposure.

This objective is consistent with EPA guidance in the O f f i c e of S o l i d Waste and Emergency
Response (OSWER) Directive 9355.4-12, that EPA should " ..limit exposure to soil lead levels such that a
typical child or group of similarly exposed children would have an estimated risk of no more than 5 percent
of exceeding the 10 ug/dL blood lead level."

Preliminary Remediation Goals (PRGs) were established based on the evaluation and f indings of
the Baseline Human Heal th Risk Assessment. In accordance with the NCP (40 CFR Part 300), PRGS are
the desired endpoint concentrations of lead and arsenic in soils that are protective of human health for the
various exposure scenarios. The PRGs help to focus the development of remedial alternatives on
technologies that can achieve the goals. At VB/I70 OU1, PRGs were set at background concentrations for
both lead and arsenic. Remedial alternatives will be evaluated for how e f f e c t i v e they are in achieving the
PRGs at those properties where remedial action is warranted.
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It is estimated that background levels of arsenic are well-characterized as a lognormal distribution
with a mean of 8 ing/Kg and a standard deviation of 3.6 mg/Kg. Based on this, background levels may
range up to about 15 mg/Kg or s l i g h t l y higher. Li f e t ime cancer risk associated with exposure to
background concentrations of arsenic is approximately I x l O " 3 , a level within EPA's acceptable risk range.
However, the screening level calculations of acute risk associated with soil pica behavior indicate that the
acute hazard quotient exceeds 1 under some scenarios even where arsenic is at background levels.

Lead levels in bulk soils range from below the detection limit (about 52 m g / K g ) up to a mgvimiini
of more than 1,000 m g / K g . If it is assumed that the upper range of lead concentrations resulting from
natural and area-wide anthropogenic sources is about 400 m g / K g , then the mean of all samples that are less
than 400 m g / K g is about 195 m g / K g . This value is considered by EPA to be a rough estimate of the
average background concentration of lead in soil at VB/I70 OU1.

In order to id en t i fy the spec i f i c residential properties for which remedial alternatives will be
developed and evaluated, EPA has established Preliminary Action Levels in the PS. These are exposure
point concentrations (EPCs) above which some remedial action is warranted. An EPC is a conservative
estimate of the mean concentration within an individual yard. These preliminary action levels are: (1) an
EPC of 47 m g / K g arsenic, which is the level at which the Baseline Human Heal th Risk Assessment
predicts the RME acute non-cancer Hazard Quotient is greater than 1 for the Case 2 pica scenario; (2) an
EPC of 240 m g / K g arsenic, which is the level at which the Baseline Human Heal th Risk Assessment
predicts RME li f e t ime cancer risks exceed 10"*; (3) an EPC of 208 m g / K g lead, which equates to a less
than 5% chance that any child will have a blood lead value above 10 ug/dL based on the IEUBK model
adjusted by using she-specific data on the levels of lead in house dust and the relative bioavailabilhy of lead
in she soils; and (4) an EPC of 540 m g / K g lead, which also equates to a less than 5% chance that any child
will have a blood lead value above 10 ug/d l based on an alternate IEUBK model run (see Appendix C).

These concentrations equate to the EPCs used in the Baseline Human Heal th Risk Assessment and
any evaluation of concentrations of lead or arsenic in residential yard soils must use the same sampling
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methodology as the RI and same evaluation methodology as the risk assessment to provide comparable
results.

D E V E L O P M E N T OF REMEDIAL ALTERNATIVES

Based on site conditions and RAOs, a range of General Response Actions (GRAs) was ident i f i ed .
GRAs are general categories of remedial activities (e.g. no action, institutional controls, containment, etc.)
that may be taken, either singly or in combination, to s a t i s f y the requirements of the RAOs. Remedial
technologies and process options are more spec i f i c applications of the GRAs. Remedial technologies and
process options were id en t i f i ed for each GRA and screened in accordance with procedures described in
RI/FS guidance. In the f irst screening step, remedial technologies that have limited or no potential for
implementation at the site were eliminated. Remedial technologies and process options that passed the
initial screening test were then subjected to a second, more rigorous, screening evaluation of their
anticipated e f f e c t ivene s s , potential implementabili ty and relative cost. The remedial technologies and
process options that survived the screening were carried forward for consideration in the development of
remedial alternatives.

Based on this process, f ive remedial alternatives were ident i f i ed as f o l l ow s:

Alternative 1 - No Action
• Alternative 2 - Community Heal th Program, T i l l i n g / T r e a t m e n t (Lead), Targeted

Removal and Disposal (Arsenic)
• Alternative 3 - Community Heal th Program, Targeted Removal and Disposal

i

• Alternative 4 - Community Heal th Program, Expanded Removal and Disposal
Alternative 5 - Removal and Disposal

Detailed descriptions of the alternatives are provided below.
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Alternative 1 - No Action

The no action alternative provides a baseline for the evaluation of other alternatives in accordance
with the NCP. No additional protective or remediation measures would be taken for the no-action option.
S o i l s have already been removed from 48 residential properties at the site in Time Critical Removal
Actions conducted by EPA in 1998 and 2000.

In general, the no-action alternative may be viable if constituent concentrations are below
preliminary action levels. Thi s alternative may also be appropriate for materials or soils which do not pose
unacceptable risks to human health or the environment, if implementation of remedial actions would create
a greater nsk, or if the cost of remediation is excessive when compared to the risk reduction.

Alternative 2 - Community Heal th Program. T i l l i n g / T r e a t m e n t (Lead). Targeted Removal and Disposal
(Arsenic)

Alternative 2 contains the f o l l ow ing principal components:

• Implementation of a community health program.

The community health program alternative for the VBI70 site would be composed of two separate
(but part ial ly overlapping) elements. The first element would be designed to address risks to area children
from non-soil sources of lead, and to the extent that they exist, risks from lead in un-remediated soils above
the preliminary action level of 208 m g / K g . The second element would be designed to address risks to area
children from pica ingestion of arsenic in un-remediated soil above the preliminary action level of 47
m g / K g . Each of these two main elements of the program is described below. Participation in one or both
elements of the program would be strictly voluntary, and there would be no charge to eligible residents and
property owners for any of the services o f f e r e d by the community health program.

PUBLIC HEALTH PROGRAM TO REDUCE RISKS FROM LEAD
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The program for reduction of lead risks is intended to be general. That is, it is intended to assess
>m lead from any and all potential sources of exposure, with response actions tailored to address the
t types of exposure source that may be ident i f i ed . The lead program will consist of three main

risks from
d i f f e r e n t i
elements:

1) Community and individual education about potential pathways of exposure to
lead, and the potential health consequences of excessive lead exposure.

2) A biomonitoring program by which any child (up to 72 months o l d ) may be tested
to evaluate actual exposure.

3) A program to respond to any observed lead exposures that are outside the normal
range. This will include any necessary f o l l ow-up sampling, analysis, and
investigation at a child's home to help i d e n t i f y the likely source of exposure, and
to implement an appropriate response that will h e lp reduce the exposure.

A key component of the response program is that all potential sources of lead at a property would
be sampled, including soil and interior/exterior paint. If soil is j u d g e d to be the most l ikely source of
exposure, a series of alternative actions will be evaluated to i d e n t i f y the most e f f e c t i v e way to reduce that
exposure. These will include a wide range of potential alternatives, including such things as education,
sodding or capping of contaminated soil, t i l l ing/treatment, etc. If exterior paint is the source of lead
contamination in soil, remediation of the paint may be considered. If the main source of a child's exposure
is j u d g e d to be non-soil related, responses may include things such as education and counseling, or referral
to environmental sampling/response programs o f f e r e d by other agencies, as appropriate.

PUBLIC HEALTH PROGRAM TO REDUCE RISKS FROM PICA INGESTION OF ARSENIC

Chronic cancer and non-cancer risks from incidental ingestion of arsenic in soil will be addressed
by the soil removal/disposal component of this remedial alternative. The publ i c health alternative for
arsenic is designed to focus s p e c i f i c a l l y on the potential risks to young children from pica behavior. The
program for arsenic will consist of three main elements:
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1) Community and individual education about ident i f i cat ion and potential hazards of
pica behavior and the potential health consequences of excessive acute oralexposure to arsenic and to soil.

2) A biomonitoring program by which any child may be tested to evaluate actual soil
pica exposure to arsenic.

3) A program to respond to any observed inorganic arsenic exposures that are outside
the normal range. Thi s will include any necessary fo l l ow-up sampling, analysis,
and investigation at a child's home to help id en t i fy the likely source of exposure,and to implement an appropriate response that will help reduce the exposure.

• In yards with arsenic EPCs equal to or greater than 240 r a g / K g accessible
soils would be removed to a depth of 12 inches and transported o f i s i t e for
disposal at an appropriate fac i l i ty. The excavation areas would be
back f i l l ed with clean soil containing arsenic and lead at or below PRGs,
and pre-remediation yard features restored. Based on RI data, it is
estimated that this would occur at a total of 113 residential properties
within the entire site.

• In yards with lead EPCs greater than 540 m g / K g , surface soils would be
t i l l e d to a depth of 6 inches and treated with phosphate. Pre-remediation
yard features would then be restored. Based on RI data, it is estimated
that this would occur at a total of 89 residential properties at the site (it is
estimated that 8 of the properties with lead EPCs above S40 m g / K g also
have arsenic EPCs above 240 m g / K g and would therefore be remediated
by soil removal).

• To date, EPA has sampled the soil at approximately 75% of theresidential properties within the VBI70 site boundary. Because the spatial
pattern of lead and arsenic contamination is variable between properties, itis not poss ible to assess potential risks at a spe c i f i c property without data
from that property. Therefore, upon request from the owner or current
resident (if access is granted by the owner), EPA will provide a program
of on-going testing for lead and arsenic in soil at any residential propertywithin the site boundaries that has not already been adequately tested. If
the lead EPC exceeds 540 m g / K g and the arsenic EPC is below 240
m g / K g , soil at the property would be t i l l ed and treated with phosphate. Ifthe arsenic EPC equals or exceeds 240 mg/Kg, soil would be removed and
disposed ofisite. Thi s sampling program will operate for as the on-site
construction of the remedy is occurring.
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— Community Heal th Program. Tar

Alternative 3 contains the f o l l o w i n g principal components:

• Implementation of a community health program, identical to the one described for
Alternative 2, except that future response actions on soils would entail removaland o f f s i t e disposal.

• In yards with arsenic EPCs equal to or greater than 240 m g / K g or with lead EPCs
above 540 m g / K g accessible soils would be removed to a depth of 12 inches and
transported o f i s i t e for disposal at an appropriate fac i l i ty . The excavation areas
would be backf i l l ed with clean soil containing arsenic and lead at or below PRGs,
and pre-remediation yard features restored. Based on RI data, it is estimated that
this would occur at a total of 202 residential properties (105 properties for arseniconly, 8 for both arsenic and lead, and 89 for lead only).

• Implementation of a sampling program identical to the one described under
Alternative 2. Under this alternative, at properties with lead EPCs greater than
540 m g / K g or with arsenic EPCs equal to or greater than 240 m g / K g , soil wouldbe removed and disposed ofi s i te .

Alternative 4 - Community Heal th Program. Expanded Removal and Disposal

Alternative 4 contains the f o l l o w i n g principal components:

• Implementation of a community health program, identical to the one described forAlternative 3.

• In yards with arsenic EPCs greater than 128 m g / K g or with lead EPCs above 540
m g / K g accessible soils would be removed to a depth of 12 inches and transported
o f i s i t e for disposal at an appropriate fac i l i ty. The excavation areas would be
backf i l l ed with clean soil containing arsenic and lead at or below PRGs, and pre-
remediation yard features restored. Based on RI data, it is estimated that this
would occur at a total of 403 residential properties (306 properties for arsenic
only, 31 for both arsenic and lead, and 66 for lead only).

• Implementat ion of a sampling program identical to the one described under
Alternative 2. Under this alternative, at properties with lead EPCs greater than
540 m g / K g or with arsenic EPCs greater than 128 m g / K g , soil would be removedand disposed o f f s i t e .
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Alternative 4 was developed and evaluated at the request of CDPHE . S p e c i f i c a l l y , CDPHE requested mat
EPA develop alternatives that would protect residents from cancer risks greater than a range of
3 x 10'5 to 8 x 10'5 to be consistent with cleanup objectives at the adjacent Asarco Globe site. Information
from the Public Heal th Evaluation for the Asarco Globe site ( C D P H E , 1989) and the Record of Decision
for the Asarco Globe Site (CDPHE, 1993) indicates that the arsenic action level of 70 m g / K g established
for residential properties at the Globe site was associated with a cancer risk of
8 x 10"5 estimated using less protective exposure assumptions than those used at VB/I-70 OU1 (e.g., 250
days /year of exposure versus 350 days/year assumed at VB/I70 and lower soil ingestion rates for
children). When exposure assumptions consistent with those used at the VB/I-70 site are used, the cancer
risk associated with 70 mg/Kg at the Globe site is estimated to be 2 x 10"4 Nevertheless, EPA complied
with CDPHE's request and developed Alternative 4 which requires soil removal at an arsenic EPC of 128
m g / K g corresponding to a point estimate risk level of 8 x 10"3 based on the f indings of the Baseline Human
Health Risk Assessment for OU1. Thi s is a more protective risk level than that provided at the Globe site.
Alternat ive 5 - Removal and Disposal

Alternative 5 contains the f o l l ow ing principal components:

• In yards with arsenic EPCs greater than 47 m g / K g or with lead EPCs above 208
m g / K g accessible soils would be removed to a depth of 12 inches and transportedo f l s i t e for disposal at an appropriate fac i l i ty . The excavation areas would bebackf i l l ed with clean soil containing arsenic and lead below PRGs, and pre-remediation yard features restored.

This alternative would also include sampling of properties that were not sampled during the RI
with soil removal at properties where lead or arsenic exceed the preliminary action levels. It is estimated
that soil removal would be required at a total of 2,122 residential properties.

The 5 remedial alternatives were evaluated against the nine criteria in the N C P . Based on this analysis,
EPA and CDPHE iden t i f i ed Alternative 4 as the preferred alternative, giving substantial consideration to
the State Acceptance criterion. In May, 2002, EPA issued a proposed plan that summarized die evaluation
of alternatives, ident i f i ed Alternative 4 as the preferred alternative, and requested public comment.
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A 60-day public comment period fo l lowed the release of the proposed plan. The pubic provided
extensive comments on EPA's and CDPHE's preferred alternative. Many who provided comments
expressed concern that under Alternative 4, soil with lead levels above EPA OSWER's screening level for
lead in soil of 400 m g / K g (EPA, 1994) would not be removed and replaced. Some were concerned that the
EPA regulations under the Toxic Substances and Control Act establish the f o l l o w i n g lead-based paint
hazards (40 CFR Part 745.65): "bare soil on residential real property or on the property of a child-
occupied fa c i l i ty that contains total lead equal to or exceeding 400 parts per million in a play area or
average of 1,200 parts per million of bare soil in the rest of the yard based on soil samples". The
commenters suggested that EPA would not be f o l l ow ing its own regulations unless soil was removed from
properties in OU1 where lead levels exceed 400 m g / K g . Some who provided comments expressed concern
that soil with arsenic levels above the 70 m g / K g action level established in 1993 for residential properties at
the Asarco Globe site would not be removed and replaced and asked EPA for an explanation of the
di f f er ence s in the levels established for Globe and VB/I-70 as well as other sites.

A remedial alternative that requires soil removal and replacement at yards where the arsenic EPC is
greater than 70 m g / K g or the lead EPC is greater than 400 m g / K g was not evaluated in the November 2001
FS Report. Consequently, EPA, the State, and the community did not have information about how
e f f e c t i v e l y such an alternative meets the nine criteria in the National Contingency Plan (40 CFR Part 300)

EPA responded to the public comments on the May 2002 proposed plan by developing and
evaluating a new alternative, Alternative 6 that would require soil removal and replacement at yards where
the arsenic EPC is greater than 70 m g / K g or the lead EPC is greater than 400 m g / K g . These arsenic and
lead levels are consistent with the arsenic action level at the Globe site and EPA's screening level for lead in
soil (EPA, 1994). The development and evaluation of Alternative 6 will be presented to the State and the
community in a new Proposed Plan. EPA will evaluate State acceptance and community acceptance of
Alternative 6 once comments are received on the new Proposed Plan.

iAlternative 6 - Community Heal th Program. Further Expanded Removal and Disposal

Alternative 6 contains the f o l l o w i n g principal components:

• Implementat ion of a community health program, identical to the one described for
Alternatives 3 and 4.
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In yards with arsenic EPCs greater than 70 m g / K g or with lead EPCs above 400
mg/Kg accessible soils would be removed to a depth of 12 inches and transported
o f l s i t e for disposal at an appropriate fac i l i ty. The excavation areas would be
back f i l l ed with clean soil containing arsenic and lead at or below PRGs, and pre-remediation yard features restored. Based on RI data, it is estimated that this
would occur at a total of 853 residential properties (508 properties for arsenic
only, 108 for both arsenic and lead, and 237 for lead only).
Implementation of a sampling program identical to the one described under
Alternative 2. Under this alternative, at properties with lead EPCs greater than
400 m g / K g or with arsenic EPCs greater than 70 m g / K g , soil would be removedand disposed o f l s i t e .

C O M P A R A T I V E A N A L Y S I S O F A L T E R N A T I V E S

The 6 remedial alternatives were evaluated against the threshold and balancing criteria specif ied in
the NCP and FS Guidance to ensure that the selected remedial alternative will: protect human health and
the environment; comply with or include a waiver of A p p l i c a b l e or Relevant and Appropr ia t e requirements
(ARARs); be cos t-e f f ec t ive; utilize permanent solutions and alternative treatment technologies or resource
recovery technologies to die maximum extent practicable; and address the statutory preference for
treatment as a principal element. The modi fying criteria of State and Community acceptance will be
addressed by the USEPA af t er a new Proposed Plan is released, public comment period is completed,
consideration is given to all comments, and prior to the finalization of the Record of Decision.

The nine evaluation criteria speci f i ed in the National Contingency Plan (NCP) are:

• Threshold Criteria
Overall Protection of Human Heal th and the Environment
Compliance with ARARs

• Primary Balancing Criteria
Short-Term Ef f e c t ivene s s
Long-Term Effec t ivenes s and Permanence
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Reduction of Toxici ty, Mobi l i ty and Volume Through Treatment
ImplementabUhy
Cost

• Modi fy ing CriteriaState Acceptance
Community Acceptance

Detailed analyses were performed for each alternative, app ly ing each of the threshold and primary
balancing criteria. The remedial alternatives were also evaluated comparatively, relative to one another,
within each criterion.

The No Action Alternative is not evaluated in the comparative analysis, but is considered as the
baseline condition. The Baseline Human Heal th Risk Assessment indicates that no further action would be
e f f e c t i v e in preventing exposures to arsenic in soil above a IxKT4 l i f e t ime cancer risk, a chronic hazard
quotient greater than 1, or a sub-chronic hazard quotient greater than 1 for residents who have average or
central tendency exposures. However, if no further action is taken at the site, screening level calculations
suggest that high rates of soil intake associated with soil pica behavior in children might result in doses of
arsenic which exceed an acute hazard quotient of 1, even for the central tendency pica exposure scenario.
Also, no further action would not meet the RAOs for arsenic since they are established to be protective of
RME exposures.

For lead, the probabi l i ty of elevated blood lead levels predicted by the IEUBK Model provides the
basis for EPA's evaluation of the No Action Alternative. When the IEUBK model is run using recently
published data on soil ingestion rates for children (Stanek & Calabrese, 2000), the s i te-speci f ic relative
bioavailabili ty and s i te-speci f ic so i l /dus t ratio adjus tments , it predicts that no further action is necessary to
achieve the RAO for lead in soil. When the IEUBK model is run using de fau l t assumptions for all
parameters except the s i te-specif ic relative bioavailability and so i l /dus t ratio, it predicts that no further
action would not be e f f e c t i v e in achieving the RAO for lead in soil. The range of results re f l e c t s the
uncertainty in using the IEUBK Model to predict whether further action is required to achieve the RAO for
lead at the she
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In order to help determine whether the EEUBK model is yielding reliable predictions at the VB/I70
site, USEPA compared the IEUBK model predictions to actual observations of blood lead levels in the
population of children currently living at the she. Even though the available data are from studies that were
not designed to support risk assessment, they do support the fol lowing:

A. Elevated blood lead levels occur in children residing within the site.
B. Soil is not likely to be the main source of elevated blood lead levels.
C. Elevations are not clearly d i f f e r e n t from areas outside VB/I70.

New information from the KAP Heal th Survey indicates that of the approximately 1340 children
that have partic ipated, preliminary results indicate that less than 3.2% of children tested have blood lead
levels greater than 10 ug/dL . The data on blood lead levels in children residing in OU1 suggest that the
No Action Alternative may be e f f e c t i v e in meeting the RAO for lead in soil as predicted by the IEUBK
Model run with recently published data on soil ingestion rates for children, the site-specific relative
bioavailability, and the site-specific soil/dust ratio.

A summary of the comparative analysis is provided below.

There is not a large d i f f e r enc e between each of the 6 alternatives in overall protection of human
health. However, the highest level of overall protection of human health (as measured by how well the
RAOS will be met and short-term e f f e c t i v ene s s) would be achieved by Alternative 3.

/

In Alternative 3, removal and o f i s i t e disposal of yard soils with arsenic EPCs at or above 240
i n g / K g or lead EPCs greater than 540 m g / K g would be e f f e c t i v e in preventing exposure to these soils,
which are of the greatest concern with respect to human health risk. Thi s would e f f e c t i v e l y achieve the f irst
2 RAOs for arsenic in soil and the RAO for lead in soil. Implementation of a community health program
would be e f f e c t i v e in achieving the third RAO for arsenic in soil and the RAO for lead in soil by addressing
the risks of exposure to non-soil sources of lead and the risks from soil pica behavior through the
components education, biomonitoring, source sampling and analysis, and response actions as necessary.
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The community health program would provide additional protection for the community, because it would
provide the mechanism for evaluating other sources of lead (such as lead paint) that may be the sources of
elevated blood lead levels in the children residing in VB/I70, and for addressing soil pica behavior which
may be associated with other risks in addition to the risk of acute arsenic exposure. Even if there were no
detectable arsenic or lead in soil, soil pica behavior may lead to development of s igni f i cant gastrointestinal
disturbances and/or blockages, abdominal pain, parasitic infection, and iron deficiency. The community
health program would include strategies to reduce soil pica behavior within the population of children living
inVB/170 Reduction in soil pica behavior would reduce the risk of these other health e f f e c t s . Alternative
3 would also minimize short-term risks.

Alternative 2 may provide a similar level of protection compared to Alternative 3, but there is some
uncertainty associated with the t i l l ing/ trea tment component to address soils with lead EPCs above 540
m g / K g . Uncertainties are associated with the e f f e c t of t i l l i n g on surface soil concentrations. This is
because concentration p r o f i l e s were not generated with depth or in d i f f e r e n t yard locations for the target
properties, and therefore the resultant lead concentrations in surface soil a f t er t i l l ing are d i f f i c u l t to predict
Also, the e f f e c t ivenes s of phosphate treatment is uncertain. This is because s i te-speci f ic testing would be
required to determine the chemical form and applicat ion rate necessary to achieve the preliminary
remediation goals for lead in soil; this would lead to a delay of at least a year in implementing this portion
of the remedy.

Alternative 4 d i f f e r s from Alternative 3 by adding soil removal from properties with arsenic
concentrations greater than 128 m g / K g . This alternative was developed and evaluated at the request of
CDPHE (see Append ix D). S p e c i f i c a l l y , CDPHE requested that EPA develop alternatives that would
protect residents from cancer risks greater than a range of 3 x 10"5 to 8 x 10"5 to be consistent with
cleanup objectives at the adjacent Asarco Globe site. Based on the f indings of the Baseline Human Heal th
Risk Assessment, an arsenic EPC of 128 m g / K g corresponds to a point estimate risk level of 8 x 10"5.

Under Alternative 4, remedial action would be taken at approximate ly 200 properties where
predicted RME cancer risks are within EPA's acceptable risk range and where the f irst 2 RAOs for arsenic
in soil are currently being met. In addition, the predicted point estimate is at the 99 th percentile of the risk
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distribution for the exposed population, indicating that there is a 99% probability that the true risks are
lower than the estimated risks and the combination of exposure assumptions for OU1 characterizes
exposures that are very l ikely not occurring at the VB/I70 she. Thus, it is not necessary to take remedial
action at properties where risks within EPA's acceptable risk range in order to be protective at the VB/I-70
s i t e O U l .

The f ir s t and second RAOs for arsenic in soil are consistent with the guidance set out in the
OSWER Directive 9355.0-30 "Role of the Baseline Risk Assessment in Super fund Remedy Selection
Decisions". In part, this guidance states that "Where the cumulative carcinogenic she risk to an individual
based on reasonable maximum exposure for both current and future land use is less that 10*4, and the non-
carcinogenic hazard quotient is less than 1, action is not warranted unless there are adverse environmental
impacts." The directive further states that consideration of uncertainties in the baseline risk assessment
may lead a risk manager to decide that risks lower than 10"* are unacceptable, triggering the need for
remedial action. EPA considered the uncertainty in the arsenic risk calculations for VB/I70 to determine
whether remedial action is needed at-propertie s where risks are predicted to be less than or equal to 10"*.
The uncertainty analysis in the Baseline Human Heal th Risk Assessment indicates that actual risks are
much more l ikely to be lower than the calculated point estimates of risks. Providing protection at the 1 x
10"" risk level based on the point estimates of risk (the first RAO for arsenic in soil) is likely to provide a
level of protectiveness for the RME scenario in the range of 2 x 10* to 7 x 10"3. Therefore, it is not
necessary to perform soil removals where arsenic EPCs are lower than 240 m g / K g in order to achieve
protectiveness in the range requested by CDPHE for the RME scenario.

To the extent that there may be unacceptable health risks associated with exposure to soil with
arsenic EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 5 would provide the highest
level of long-term protection because soils with arsenic and lead levels above 47 m g / K g and 208 rag/kg
respectively would be removed. However, the f o l l ow ing information from the baseline risk assessment
indicates that below 240 m g / K g arsenic and 540 m g / K g lead, soil is not a major source of exposure and
r i s k i n O U l .

For arsenic, potential unacceptable health risk where arsenic EPCs are below 240 m g / K g is
associated with soil pica behavior. Screening level calculations suggest that removing and replacing soil
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below 240 m g / K g will not e f f e c t i v e l y protect children from the risk of acute e f f e c t s since under at least one
set of assumptions, the acute HQ is greater than 1 at background levels of arsenic. Also, children with soil
pica behavior are at risk of experiencing other health risks unrelated to arsenic that will not be addressed by
removing and replacing soil.

In the case of lead, it is l ike ly that other, non-soil sources of lead exist in VB/I-70 that would not be
id en t i f i ed under Alternative 5. Evidence from other studies indicates that unless the non-soil sources are
addressed, removing more soil will not be more protective. The USEPA sponsored a study in urban areas
of Baltimore, Boston and Cincinnati to investigate the e f f i c a c y of soil and dust abatement techniques in
reducing blood lead values in children (USEPA 1995). Because of the study design, this investigation is
usual ly referred to as the "three cities study". Among the key f ind ing s of this study was the conclusion
that:

"... soil abatement alone will have l i t t l e or no e f f e c t on reducing exposure to lead unless there is a
substantial amount of lead in soil and unless this lead is the primary source of lead in house dust"

The report did not rigorously de f ine "substantial", but it was only when soil lead levels were higher
than 1,000 to 2,000 m g / K g that a benefit from soil remediation was detectible. Conversely, in two cities
where soil lead levels were mainly less than 1,000 m g / K g , no substantial decrease in blood leads could be
detected f o l l ow ing soil remediation. As noted earlier, 99% of all properties tested in Phase IH at the
VB/I70 site have soil lead concentrations below 700 m g / K g , with only three properties being above 1,000
m g / K g . Also recall that, at the VB/I70 site, available data indicate that only about 34% of the mass of
interior dust appears to be derived from yard soil. Thus , it appears that neither of the two conditions
needed for soil removal to be e f f e c t i v e is l ike ly to a p p l y at most properties at the V B / I 7 0 site.

Evaluation of overall protection must also consider that the extensive removals under Alternative 5
would entail the greatest amount of short-term risks to the community compared to all the other alternatives
due to the presence and operation of heavy equipment and the greater number of truck trips required to
dispose excavated soil o f f s i t e and to transport clean fill to the site. Another short-term impact to the
community is the impact of the additional water use required to establish grass at remediated properties.
Colorado is experiencing drought conditions and water use is restricted in the City of Denver. EPA
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estimates that Alternative 5 will require 10 times more water to implement than Alternatives 2 or 3, and 5
times more water than Alternative 4.

Alternative 6 d i f f e r s from Alternatives 2, 3, and 4 by adding soil removal from properties with
arsenic EPCs greater than 70 mg/kg and/or lead EPCs greater than 400 mg/kg. This alternative was
developed and evaluated in response to comments received on the May 2002 Proposed Plan. Those
comments requested an explanation of why EPA was not considering removing soil from properties where
arsenic exceeds 70 m g / K g as was done at the Asarco Globe site and where lead exceeds 400 m g / K g to be
consistent with EPA's screening level for lead in soil.

Based on the f ind ing s of the Baseline Human Heal th Risk Assessment, an arsenic EPC of 70
m g / K g corresponds to a point estimate risk level of 5 x 10*s. However, there is a range of soil EPCs
associated with this same point estimate of RME cancer risk. That range of soil EPCs is 60 m g / K g to 76
mg/kg. Therefore , some properties with the same estimated risk levels (i.e. with arsenic EPCs above 60
mg/kg, but below 70 m g / k g ) would not undergo soil removal under this alternative.

To the extent that there may be unacceptable health risks associated with exposure to soil with
arsenic EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 6 would provide a higher
level of long-term protection when compared to Alternatives 2,3 and 4 because soils with arsenic and lead
levels above 47 m g / K g and 208 mg/kg respectively would.be removed. However, as discussed in the
evaluation of Alternative 5, available information indicates that below 240 m g / K g arsenic and 540 m g / K g
lead, soil is not a major source of exposure and risk in OU1.

Under Alternative 6, remedial action would be taken at 400 properties where predicted RME
cancer risks are within EPA's acceptable risk range. In addition, the predicted risks are at the 99*
percentile of the risk distribution for the exposed popula t ion indicating that the combination of exposure
assumptions used for OU1 characterizes exposures that are very likely not occurring at the she.

The first and second RAOs for arsenic in soil are consistent with guidance set out in the OSWER
Directive 9355.0-30 "Role of the Baseline Risk Assessment in Super fund Remedy Selection Decisions". In
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part, this guidance states that "Where the cumulative carcinogenic site risk to an individual based on
reasonable maximum exposure for both current and future land use is less that 10"4, and the non-
carcinogenic hazard quotient is less than 1, action is not warranted unless there are adverse environmental
impacts." The directive fur ther states that consideration of uncertainties in the baseline risk assessment
may lead a risk manager to decide that risks lower than 10*4 are unacceptable, triggering the need for
remedial action. EPA considered the uncertainty in the arsenic risk calculations for VB/T70 to determine
whether remedial action is needed at properties where risks are predicted to be less than or equal to 1 O"4.
The uncertainty analysis in the Baseline Human Heal th Risk Assessment indicates that actual risks are
much more likely to be lower than the calculated point estimates of risks.

Providing protection at the 1 x 10*4 risk level based on the point estimate of risk (as in Alternatives
2 and 3) is l ikely to provide a level of protectiveness for the RME scenario in the range of 2 x ] 0~5 to 7 x
10~5. There fore , it is not necessary to perform soil removals where arsenic EPCs exceed 70 m g / K g in order

to achieve protectiveness for the RME scenario.

EPA performed additional quantitative uncertainty analysis for Alternative 6 using Monte Carlo
techniques consistent with those in the Baseline Human Heal th Risk Assessment. The analysis indicates
that at an arsenic EPC of 70 mg/kg, the point estimate of cancer risk is 5 x 10"* and the 90* - 95*
percentile cancer risk (the range of RME risks) is 1 x 10"s to 4 x 10"5, not a significant reduction in RME
cancer risks when compared to Alternative 3 (where the range is 2 x 10~5 to 7 x 10"s), yet the short-term
risks associated with Alternative 6 are higher.

For lead, Alternative 6 would require soil removal from properties with lead EPCs lower than
Alternatives 3 and 4 (400 mg/kg, compared to 540 mg/kg). As described above, alternatives with soil
removal actions at 540 mg/kg lead are expected to be e f f e c t i v e in achieving the RAO for lead in soil.
Therefore removal of additional soil with lead EPCs between 400 mg/kg and 540 mg/kg would not
contribute s igni f i cant ly to meeting the RAO. Since the FS was prepared, the community health study
known as the KAP survey has been performed within the VB/I70 site. C D P H E and the University of
Colorado H e a l t h Sciences Center have been awarded a grant from ATSDR to conduct the KAP health

F-\MyFile s \Projec t s \VBI70\remedy review board mal e r ia l s \FSAddendumf ina l .do c October 2002
ES-22



Vasquez Boulevard/Interstate 70 Super fund Site
Operable Unit 1
F e a s i b i l i t y S t u d y Report Addendum_______

survey. The door-to-door survey includes (1) a census to count resident children less than 6 years old, (2)
completion of questionnaires about child behaviors related to soil contact and (3) collection of blood
samples for lead analysis and urine samples for arsenic analysis. EPA is performing the chemical analyses
of these biological samples. Approx imat e ly 1,340 children participated in the survey. Preliminary results
of the survey indicate that RAO for lead in soil is currently being met within the she. This provides further
evidence that reducing the action level for soil removal for lead from 540 mg/kg to 400 mg/kg is not
necessary to achieve the RAO for lead in soil.

Evaluation of overall protection must also consider that the additional removals under Alternative 6
would entail greater short-term risks to the community compared to Alternatives 2,3, and 4 due to the
presence and operation of heavy equipment and the greater number of truck trips required to dispose
excavated soil o f i she and to transport clean fill to the she. Another short-term impact to the community is
the impact of the additional water use required to establish grass at remediated properties. Colorado is
experiencing drought conditions and water use is restricted in the City of Denver. EPA estimates that
Alternative 6 will require 4 times more water to implement than Alternatives 2 or 3 and twice as much
water as Alternative 4.

Compliance with A p p l i c a b l e or Relevant and Appropr ia t e Requirements

All of the remedial alternatives evaluated in the comparative analysis would be expected to comply
with ARARs. ARARs relating to the generation of fug i t iv e dust and lead concentrations in ambient air
would be appl i cab l e to the range of engineering actions under evaluation. Although the potential exists for
dust generation during soil t i l l i n g and excavation, and transport and back f i l l ing activities, engineering
controls would be readily implementable and e f f e c t i v e to achieving compliance with the appl i cab l e
regulations. ARARs relating to the characterization, transport and disposal of solid wastes would be
a p p l i c a b l e for excavated soi l s and would be met by standard construction and transportation practices.

In response to the publ i c comments concerning lead based paint hazards established by EPA under
the Toxic Substances and Control Act (TSCA) (40 CFR Part 745.65), EPA concluded that these
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regulations are not ARARs for OU1. However, Alternatives 2,3,4,5,and 6 are consistent with the TSCA
regulations. The preamble to the regulations includes an explanation of the relationship of die TSCA soil
standards to S u p e r f u n d soil cleanup standards. The preamble states in pan that the Super fund program
"relies on the IEUBK model for relating environmental levels to blood lead levels in children The OSWER
soil lead guidance (EPA, 1994) recommends that the IEUBK Model be app l i ed to utilize s i t e- spec i f i c
information that can be very important in evaluating the risks at S u p e r f u n d sites". The preamble also
states that "Site- spec i f i c information at S u p e r f u n d sites would provide a basis to id en t i fy a soil lead level
d i f f e r e n t from the level ident i f i ed in the TSCA rule that would be protective of health". There fore ,
establishing that S u p e r f u n d remedial action is required at properties in VB/I70 where the lead EPC is
d i f f e r e n t from the 400 m g / K g or 1200 m g / K g ident i f i ed in the TSCA rule (as in Alternatives 2, 3, 4, and
5) is consistent with the rule.

Short-Term Ef f e c t ivene s s

Alternative 3 provides the highest level of short-term ef f e c t ivenes s . Soil removal actions could be
quickly and e f f e c t i v e l y implemented with less risk to workers or the community than Alternatives 4,5, and
6. Implementation of the community health program would be e f f e c t i v e in the short term due to the
components of education, biomonitoring, soil sampling and analysis, and response actions when warranted

Consistent with the NCP (40 CFR Part 300), the evaluation of short-term e f f e c t ivene s s also
considered the environmental impacts of soil removal actions, s p e c i f i c a l l y water use required to establish
grass cover in remediated yards. Since the publication of the FS Report in November, 2001, the State of
Colorado has experienced a drought. The severity of the drought is illustrated by the fact that the City of
Denver has placed a complete ban on lawn watering beginning October 1, 2002.

Watering of replacement lawns and plant s is a critical component of soil removal actions. Soil
removal actions within the adjacent Globev i l l e neighborhood required an estimated 9.35 gallons of water to
establish one square foot of replacement sod (Asarco, 1997). An average yard in V B / I 7 0 has an estimated
5,200 square foot area of soil (EPA, 2001). Assuming that 70% of the soil area is sod, approximately
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50,000 gallons of water would be required to establish sod at a typical property. Based on these
assumptions, Alternative 3 would require 10 million gallons of water to implement.

Alternative 2 could be implemented with less risk to workers and the community than Alternatives
3,4,5, and 6. However, Alternative 2 provides a s l igh t ly lower level of short-term ef f e c t ivenes s than
Alternative 3, primarily because t i l l ing/ treatment actions would be delayed while treatabiUty testing was
performed and because there would be some uncertainties with the immediate e f f ec t ivenes s of the
t i l l ing/treatment activities due to lack of data on lead concentrations with depth and at d i f f e r e n t locations in
the targeted yards. Alternative 2 would require an amount of water equal to that required under Alternative
3.

Alternative 4 provides a s l i g h t l y lower level of short-term e f f e c t i v e s than Alternative 3, primarily
because additional removals at properties with arsenic EPCs greater than 128 n i g / K g would entail greater
risks to the community due to the operation of heavy equipment in residential areas over a longer period of
time and to truck t r a f f i c associated with transportation of excavated soil o f f s i t e and import of clean backf i l l
through neighborhood streets. Alternative 4 would require an estimated 20 million gallons of water to
implement. This is twice as much water as estimated would be required by Alternatives 2 and 3. Yet the
additional removals would not contribute to additional long-term protection of human health as set out by
the requirements of the RAOs.

Alternative 6 provides a lower level of short-term ef f e c t ivenes s than Alternative 4, primarily
because additional removals at properties with arsenic EPCs greater than 70 rng/Kg and with lead EPCs
greater than 400 m g / K g would entail greater risks to the community due to the operation of heavy
equipment in residential areas over a longer period of time and to truck t r a f f i c associated with
transportation of a larger volume of excavated soil o f f s i t e and import of clean backf i l l through
neighborhood streets. Alternative 6 would require an estimated 43 million gallons of water to implement.
This is 4 times as much water as estimated would be required by Alternatives 2 and 3. However, additional
long-term protection of human health as set out by the requirements of the RAOs would not be enjoyed
since the requirements of the RAOs would be met by Alternatives 2,3, and 4.
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Alternative 5 would provide the lowest level of short-term e f f e c t ivene s s because of increased risks
to workers and the community due to the prolonged operation of heavy equipment in the residential areas.
There would also be increased risk to the community from truck t r a f f i c associated with transportation of
the largest volume of excavated soil o f f s i t e and import of clean backf i l l (approximately 43,000 truck trips
would be required). Alternative 5 would require an estimated 106 million gallons of water to implement.
This is 10 times as much water as estimated would be required by Alternatives 2 and 3. However,
additional long term protection of human health as set out by the requirements of the RAOs would not be
enjoyed since the requirements of the RAOS would be met by Alternatives 2,3 and 4. An additional
consideration is that Alternative 5 does not include a Community Heal th Program component and so it is
highly uncertain that it would be e f f e c t i v e in achieving the third RAO for arsenic in soil.

Long-Term Ef f e c t ivene s s and Permanence

To the extent that unacceptable hearth risks are associated with exposure to soil with arsenic EPCs
below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 5 would provide the highest level of long-
term protection and permanence because soils would be removed where arsenic or lead levels are above 47
m g / K g or 208 rag/kg respectively. However, available information from the baseline risk assessment and
other EPA studies indicates that below 240 m g / K g arsenic and 540 m g / K g lead, soil is not a major source
of exposure and risk at OU1. The information is summarized below.

For arsenic, potential health risk where arsenic EPCs are below 240 mg/kg is associated with soil
pica behavior. Screening level calculations suggest that removing and replacing soil below 240 m g / K g will
not e f f e c t i v e l y protect children from the risk of acute e f f e c t s since under at least one set of assumptions, the
acute HQ is greater than 1 at background levels of arsenic. Also , children with soil pica behavior are at nsk
of experiencing other health risks unrelated to arsenic that will not be addressed by removing and replacing
soil. In the case of l e a d , Alternative 5 may not provide the highest overall protection since, in OU1, it is
l ike ly that there are other, non-soil sources of lead (such as lead-based paint), which would not be evaluated
and addressed. Alternatives 2,3, 4, and 6 would provide an equal level of long-term e f f e c t iv ene s s by
addressing soils with lead or arsenic EPCs above preliminary action levels of 240 m g / K g arsenic and 540
mg/kg lead by t i l l i n g and treatment and/or removal. The benefit of Alternatives 2,3,4, and 6 is that risks
associated with non-soil sources of lead and with soil pica behavior would be e f f e c t i v e l y addressed by
implementation of a community health program under these alternatives. The additional benefit of the
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community health program is it would provide the community a mechanism to id en t i fy sources of lead
exposure other than soils, and a means of addressing them (e.g., through lead paint abatement).
Abatement of exterior lead-paint would be performed under this program if soils at a property are
remediated and paint abatement is required to protect the remedy. Abatement of exterior paint may be
accomplished by referral to another program if soils do not require remediation. The Community Heal th
Program would also provide a program to reduce the likelihood of soil pica behavior in children within
VB/I70. Every lead paint abatement, whether accomplished directly or indirectly under the Community
Heal th Program, is a pennanent solution to a non-soil source of lead exposures. Alternative 2 would
provide s l i g h t l y less long-term e f f e c t ivene s s when compared to Alternative 3 since the e f f e c t ivene s s of
t i l l i n g and treatment is less certain than soil removal.

Reduction of Toxicity. Mobi l i ty or Volume Through Treatment

Alternatives 3,4, S and 6 do not contain a treatment component and therefore Alternative 2 would
result in the highest reduction of toxicity and mobility due to treatment. However, there are uncertainties
with the treatment process and si te-specif ic testing would have to be performed to evaluate the chemical
form and appl i ca t ion rate of phosphate and to evaluate the overall treatment e f f ec t ivenes s once
implemented.

Implementab iUtv

Alternatives 3, 4, 5 and 6 would be readily implementable with standard equipment and services,
and adequate personnel would be readily available for this type of work. The construction technologies
required to implement these alternatives are commonly used and widely accepted. For Alternative 2, t i l l ing
of residential soils may be d i f f i c u l t to implement. Areas of accessible soils within yards are relatively small
and typ i ca l ly have features such as trees or large shrubs, which would make access and implementation of
deep t i l l i n g d i f f i c u l t unless the features were removed and replaced. It is likely that due to access
constraints t i l l ing would have to be performed using rototillers, which t y p i c a l l y have a working depth of
about 6 inches. Lead concentrations with depth have not been generated for the target properties and if
deeper t i l l i n g is found to be necessary to meet the RAOs it would be d i f f i c u l t to implement.
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Cost

Estimated costs for each alternative considered in the comparative analysis are shown below.
These costs include direct and indirect capital costs and review costs for 30 years (there are no operation
and maintenance costs associated with any of the alternatives).

Remedial Alternative
Alternative 2
Alternat ive s
Alternative 4
Alternat ive s
Alternative 6

Net Present Worth Cost ( M i l l i o n s )
10.6
11.1
17.5

61.0 «
31.1

Note. (1) Of this amount, approximately $15.6 million is associated with remediation of properties with arsenic EPCs above47 ing/Kg but below 128 m g / K g .

All alternatives meet the threshold requirements of protection of human health and compliance with
ARARs. Alternative 3 provides a greater level of overall certainty for protecting human health compared
to Alternative 2 and entails lower costs and lower short-term risks than Alternatives 4, 5, and 6.
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5.6 Alternat ive 6 - Community H e a l t h Program, F u r t h e r Expanded Removal and Disposal

Alternative 6 was developed in response to comments received on the May 2002 Proposed Plan.
Alternative 6 contains the f o l l ow ing principal components:

Implementa t i on of a Community Heal th Program

Implementation of a community health program identical to the one described for Alternative 3.

Soil Removal
In yards with arsenic EPCs greater than 70 m g / K g or with lead EPCs above 400 m g / K g accessible

soils would be removed to a depth of 12 inches and transported o f f s i t e for disposal at an appropriate
fa c i l i ty . The excavation areas would be ba ck f i l l ed with clean soil containing arsenic and lead at or below
PRGs, and pre-remediation yard features restored. Based on RI data, it is estimated that this would occur
at a total of 853 residential properties (508 properties for arsenic only, 108 for both arsenic and lead, and
237 for lead only).

On-Going Soil Sampl ing Program

Identical to the program described under Alternative 2, upon request from the owner or current
resident (if access is granted by the owner), EPA will provide a program of on-going testing for lead and
arsenic in soil at any residential property within the site boundaries that has not already been adequately
tested. Under Alternative 6, if the lead EPC exceeds 400 m g / K g or the arsenic EPC exceeds 70 m g / K g ,
soil would be removed and disposed o f f s i t e at an appropriate fac i l i ty . This sampling program will operate
for as long as the on site construction of the remedy is occurring.
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6.6 A l t e r n a t i v e 6 - Communi ty H e a l t h Program, F u r t h e r Expanded Removal and
Disposal

Alternative 6 contains the f o l l o w i n g principal components:

• Implementa t i on of a community health program o f f e r e d primarily to children at
residences where yard soil EPCs exceed 47 m g / K g arsenic and/or 208 m g / K g
lead, but available to any child that resides in the VB/I70 site.

• In yards with arsenic EPCs greater than 70 m g / K g or with lead EPCs above 400m g / K g accessible soils would be removed to a depth of 12 inches and transportedo f l s i t e for disposal at an appropriate fa c i l i ty . The excavation areas would beb a c k f i l l e d with clean soil containing arsenic and lead below PRGs, and pre-
remediation yard features restored. Based on RI data, it is estimated that thiswould occur at a total of 853 residential properties (508 properties for arsenic
only, 108 for both lead and arsenic and 237 for lead).

• Upon request from the owner or current resident (if access is granted by the
owner), soil will be sampled and tested for lead and arsenic at any residentialproperty within the site boundaries that has not already been adequately tested. Ifthe level of lead exceeds 400 m g / K g or the level of arsenic exceeds 70 m g / K g ,soil will be removed and disposed ofrs i te .

6.6.1. Overall Protection of Human Heal th

Alternative 6 would meet the requirements of the RAOs and therefore be protective of
human health.

Removal and o f f s i t e disposal of yard soils with arsenic EPCs above 70 m g / K g or lead
greater than 400 m g / K g would be e f f e c t i v e in preventing exposure to these soils and would
achieve RAOs A and B for arsenic in soil and would achieve RAO D for lead in soil. For
propertie s where engineering actions were not taken, but which have lead or arsenic EPCs above
preliminary action level s of 47 m g / K g arsenic (established based on acute non-cancer e f f e c t s ) and
208 mg lead (es tabl i shed based on an IEUBK Model predi c t ion), implementat ion of a community
health program would be e f f e c t i v e in address ing risks related to non-soil sources of lead and risks
related to soil pica behavior. The e f f e c t i v e n e s s would be achieved due to the components of
education, biomonitoring, soil sampl ing and analysis and response actions when warranted.



Alternative 6 therefore would achieve RAO C for arsenic in soil and RAO D for lead in soil when
combining the community health program with the soil removal/disposal component As
discussed in A p p e n d i x A, educational interventions have been e f f e c t i v e in reducing children's
blood-lead concentrations, either alone or in combination with dust control programs. These
interventions have also been e f f e c t i v e in reducing residential dust-lead loadings, a potential non-
soil source of exposure to lead. No information was located on the e f f i c a c y of education
programs intended to reduce pica behavior in children. However, there are many examples of
public education programs intended to make p e o p l e aware of the potential health risks of certain
behaviors (smoking, drinking, use of drugs, unprotected sex, etc) and to prevent or change the
behavior. Some of these programs are aimed at parental monitoring and intervention in behaviors
that are hazardous in their children (depression, drug use, etc). Based on successes of these
parental and other programs, it is expected that a program aimed at reduction of soil pica behavior
in the populat ion of children living in OU1 would be e f f e c t i v e in achieving RAO C for arsenic in
soil since the risk is associated with a particular behavior. Biomonitoring, soil sampling and
analysis, and response actions would add certainty in achieving RAOs C and D. The community
hearth program would moreover provide an additional publ ic health benefit to the community
since reducing soil pica behavior will l i k e l y address health risks other than those associated with
potential exposure to arsenic. Soi l pica behavior is not healthy for children as it may lead to the
development of s ignif icant gastrointestinal disturbances and/or blockages, abdominal pain,
parasitic infection and iron deficiency.

6.6.2 Compliance with ARARs

ARARs relating to the generation of f ug i t i v e dust and lead concentrations in ambient air
would be app l i cab l e to actions performed to implement Alternative 6. Although the potential
exists for dust generation during soil excavation, transport and b a c k f i l l i n g activities, engineering
controls would be readily implementable and e f f e c t i v e to achieving compliance with the
app l i cab l e regulations. ARARs relating to the characterization, transport and disposal of solid
wastes would be a p p l i c a b l e and would be met by standard construction and transportation
practices. Alternative 6 would therefore meet the requirements of all ARARs.

In response to the p u b l i c comments concerning lead based paint hazards established by
EPA under the Toxic Substances and Control Act (TSCA) (40 CFR Part 745.65), EPA concluded



that these regulations are not ARARs for OU1. The preamble to the regulations includes an
explanation of the relationship of the TSCA soil standards to S u p e r f u n d soil cleanup standards.
The preamble states in part thatlhV^peSulS^ro^^aTn "reliesl)n"the IEUBK model for relating
environmental levels to blood lead levels in children. The OSWER soil lead guidance (EPA,
1994) recommends that the IEUBK Model be appl i ed to utilize she-specific information that can
be very important in evaluating the risks at S u p e r f u n d sites". The preamble also states "Site-
s p e c i f i c information at S u p e r f u n d sites would provide a basis to i d e n t i f y a soil lead level d i f f e r e n t
from the level i d e n t i f i e d hi the TSCA rule that would be protective of hearth". Therefore it is not
necessary to require S u p e r f u n d remedial action at properties in VB/I70 where the lead EPC is 400
m g / K g or 1200 m g / K g to be consistent with the TSCA rule.

6.6.3. Short-Term Ef f e c t iv ene s s

Short-term risks would be posed to the community and workers during the
implementation of this alternative due to the operation of heavy equipment in the residential areas
and by truck t r a f f i c associated with transportation of excavated soil o f i s i t e and import of clean
b a c k f i l l . As a screening level estimate, a total of approximately 17,000 semi-truck trips would be
needed to transport the excavated soil to the disposal f a c i l i t y and to transport the clean backf i l l
soil to the site (about 170,000 cubic yards of excavated soil and 170,000 cubic yards of b a c k f i l l
transported in 20 cubic yard capacity trucks). The injury and f a t a l i t y rates for accidents involving
large trucks in 1997 (most recent data available) were 50.7 per 100 million vehicle miles driven
and 2.5 per 100 million vehicle miles, driven, respectively. Assuming a transport distance of 15
miles to both the disposal f a c i l i t y and to the back f i l l source, appl i cat ion of the 1997 statistics
estimates that there would be a 25 percent probabi l i ty that one of the trucks would be involved in
an accident that injures someone and a 1.3 percent chance of a f a t a l i t y . It is noted that use of
these statistics in this type of screening-level evaluation l i k e l y overestimates the actual risks at the
VB/I70 site because the probabil i t ie s are based on vehicle miles driven, which includes all
weather conditions. The risks would be reduced at VB/I70 by f o l l o w i n g a transportation plan and
performing transportation during the summer construction period only.

Consistent with the NCP (40 CFR Part 300), the evaluation of short-term e f f e c t ivene s s
also considers the environmental impacts of soil removal actions, s p e c i f i c a l l y water use required
to establish grass cover in remediated yards. Since the publ icat ion of the FS Report in November
2001, the Stat e of Colorado has experienced a drought. The severity of the drought condition is



i l lu s trated by the fact that the City of Denver has placed a complete ban on lawn watering
beginning October 1,2002.

Watering of replacement lawns and plant s is a critical component of soil removal actions.
Soil removal actions within the adjacent Glob ev i l l e neighborhood required an estimated 9.35
gallons of water to establish one square foot of replacement sod (Asarco, 1997). An average yard
in V B / I 7 0 has an estimated 5,200 square foot area of soil (Washington Group, 2001). Assuming
that 70% of the soil area is sod, approximately 50,000 gallons of water would be required to
establish sod at a typical property. Based on these assumptions, Alternative 6 will require an
estimated 43 mi l l i on gallons of water to implement.

Implementat ion of the community health program would be e f f e c t i v e in the short term in
addressing the risks related to non-soil sources of lead and soil pica behavior due to the
combination of components of education, biomonitoring, soil sampling and analysis, and
response actions when warranted. As discussed in A p p e n d i x A, educational interventions have
been e f f e c t i v e in reducing children's blood-lead concentrations, either alone or in combination
with dust control programs. These interventions have also been e f f e c t i v e in reducing residential
dust-lead loadings, a potential source of exposure to lead. The addition of biomonitoring, soil
sampling and analysis, and response will increase the e f f e c t i v ene s s of the community health
program at the VB/I70 site. No publi shed studies were located regarding a program to reduce
human exposure to arsenic associated with soil pica behavior through a publ ic health type
program. However, it is expected that the types of programs that are successful in reducing lead
exposure via soil or dust will also be successful in reducing exposure to arsenic in soil at the
VB/I70 site, e special ly if education is tailored to the prevention of soil pica behavior.

6.6.4 Long-Term Ef f e c t i v ene s s and Permanence

Based on the f ind ing s of the Baseline Human Heal th Risk Assessment, an arsenic EPC of
70 m g / K g corresponds to a point estimate risk level of 5 x 10"5. However, there is a range of soil
EPCs associated with this same point estimate of RME cancer risk. That range of soil EPCs is
60 m g / K g to 76 mg/kg. There f or e , some propert ie s with the same estimated risk levels (i.e. with
arsenic EPCs above 60 mg/kg, but below 70 m g / k g ) would not undergo soil removal under this
alternative.



To the extent that there may be unacceptable health risks associated with exposure to soil
with arsenic EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 6 would
provide a high level of long-term protection because soils with arsenic and lead levels above 70
m g / K g and 400 mg/kg respectively would be removed. However, information from the baseline
risk assessment and other EPA studies indicates that below 240 m g / K g arsenic and 540 m g / K g
lead, soil is not a major source of exposure and risk in OU1.

Under Alternative 6, remedial action would be taken at 400 properties where predicted
RME cancer risks are within EPA's acceptable risk range. In addition, the predicted point
estimate of risk risks is at the 99* percentile of the risk distribution for the exposed populat ion
indicating that there is a 99% probabil i ty that the true risks are lower than the estimated risks and
the combination of exposure assumptions used for OU1 characterizes exposures that are very
l i k e l y not occurring at the site.

The f ir s t and second RAOs for arsenic in soil are consistent with the guidance set out in
the OSWER Directive 9355.0-30 "Role of the Baseline Risk Assessment in S u p e r f u n d Remedy
Selec t i on Decisions". In part, this guidance states, "Where the cumulative carcinogenic site risk
to an individual based on reasonable maximum exposure for both current and future land use is
less that 10"4, and the non-carcinogenic hazard quotient is less than 1, action is not warranted
unless there are adverse environmental impacts." The directive fur ther states that consideration
of uncertainties in the baseline risk assessment may lead a risk manager to decide that risks lower
than 10"* are unacceptable, triggering the need for remedial action. EPA considered the
uncertainty in the arsenic risk calculations for VB/I70 to determine whether remedial action is
needed at properties where risks are predicted to be less than or equal to 10*4. The uncertainty
analysis in the Baseline Human Heal th Risk Assessment indicates that actual risks are much more
l ike ly to be lower than the calculated point estimates of risks.

Providing protection at the 1 x 10"* risk level based on the point estimates of risk (by
achieving the f ir s t RAO for arsenic in s o i l) l ike ly will provide a level of protectiveness for the
RME scenario in the range of 2 x 10~s to 7 x 10~3. There fore , it is not necessary to perform soil
removals where arsenic EPCs exceed 70 m g / K g but are lower than 240 m g / K g in order to achieve
protectiveness for the RME scenario.



EPA performed addit ional quantitative uncertainty analysis for Alternative 6 using Monte
Carlo techniques consistent with those in the Baseline Human Heal th Risk Assessment. The
analysis indicates that, at an arsenic EPC of 70 mg/kg, the point estimate of cancer risk is 5 x 10"*
and the 90th - 95 th percentile cancer risk (the range of RME risks) is 1 x 10"5 to 4 x 10'5.

For lead, Alternative 6 would require soil removal from properties with lead EPCs greater
than 400 m g / K g . Since the FS was prepared, the community health study known as the KAP
survey has been performed within the VB/I70 site. CDPHE and the University of Colorado
Health Sciences Center have been awarded a grant from ATSDR to conduct the KAP survey.
The door-to-door survey includes (1) a census to count resident children less than 6 years old,
(2)a questionnaire about child behaviors related to soil contact and (3) collection of samples for
blood lead analysis and urine arsenic analysis. EPA is performing the chemical analyses of these
biological samples. Approximate ly 1,340 children participated in the survey. Preliminary results
indicate that less than 3.2% of the children tested have blood lead levels greater than 10 ug/dL.
These preliminary results of the survey indicate that the RAO for lead in soil is currently being
met within the site. This provides further evidence that requiring soil removal at properties where
the lead EPC exceeds 400 m g / k g but is less than 540 m g / K g is not necessary to achieve the RAO
for lead in soil.

The community health program would be e f f e c t i v e in addressing risk associated with
non-soil sources of lead and risk associated with soil pica behavior through education,
biomonitoring, and environmental sampling and response programs. The additional benefit of the
community health program is it would provide the community a mechanism to i d e n t i f y sources of
lead exposure other than soils, and a means of addressing them (e.g., through lead paint
abatement). Abatement of exterior lead-paint would be performed under this program if soils at
a property are remediated and paint abatement is required to protect the remedy. Abatement of
exterior paint may be accomplished by referral to another program if soils do not require
remediation. The community health program would also provide a program to reduce the
l ike l ihood of soil pica behavior in children within V B / I 7 0 . Every lead paint abatement, whether
accomplished direct ly or ind ir e c t ly under the Community Heal th Program, is a permanent
solution to a non-soil source of lead exposures.



6.6.5. Reduction of Toxici ty, Mobi l i ty or Volume Through Treatment

Alternative 6 does not include a treatment component to reduce toxicity, mobility or
volume of contaminated soil.

6.6.6. I m p l e m e n t a b i l i t y
The removal/di sposal component of Alternative 6 would be implementable with standard

equipment and services, and adequate personnel would be readily available for this type of work.
The construction technologies required to implement this alternative are commonly used and
wide ly accepted. Numerous similar pro j e c t s of comparable and larger scale have been
implemented across the Region and in Denver. Soi l removal and replacement is a reliable
technology and no fu ture remedial actions would be required because soils of concern would be
removed from the site.

\
The community health program would be readily implementable. From a technical

perspective, these types of programs are commonly implemented, both at Super fund sites and at
sites with lead paint in residential areas. The would also be readily implementable from an
administrative perspective as fund ing would be available and there are established community
organizations, such as neighborhood associations and environmental coalitions that could assist in
the distribution of materials. Also, State and local City and County agencies have lead awareness
and intervention programs already in place. The addition of arsenic testing and development of
educational programs sp e c i f i c to soil pica behavior would be easily added to the current local lead
programs since the organizational structure is in place.

6.6.7. Cost
f t

The present net worth cost for Alternative 6 is approximately $31.1 million. Detailed
information on the unit rates, quantities and assumptions used in the development of the costs are
presented in A p p e n d i x B.
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7.0 COMPARATIVE ANALYSIS OF ALTERNATIVES

This section presents a comparative analysis of the remedial alternatives developed for the
residential soils of VB/I70 OU1. The purpose of this analysis is to compare the advantages and
disadvantages of each remedial alternative brought f o r t h in the detailed analysis against the threshold and
balancing criteria presented in Sect ion 6.0. The comparison focuses on the s ignif icant areas of d i f f e r enc e ,
e spec ial ly iden t i f i ca t i on of any alternative that is clearly superior in meeting a criterion.

The No Action Alternative is not evaluated in the comparative analysis, but is considered as the
baseline condition. The Baseline Human Heal th Risk Assessment indicates that no further action would
be e f f e c t i v e in preventing exposures to arsenic in soil above a 1x10"* l i f e t ime cancer risk, a chronic hazard
greater than 1, or a sub-chronic hazard quotient greater than 1 for residents who have average or central
tendency exposures. However, if no further action is taken at the she, screening level calculations suggest
that high rates of soil intake associated with soil pica behavior in children might result in doses of arsenic
that exceed an acute hazard quotient of 1, even for the central tendency pica exposure scenario. Also, no
fur ther action would not meet the RAOs for arsenic since they are established to be protective of RME
exposures.

For lead, the probabi l i ty of elevated blood lead level s predicted by the IEUBK Model provides
the basis for EPA's evaluation of the No Action Alternative. When the IEUBK model is run using
recently publ i shed data on soil ingestion rates for children (Stanek & Calabrese, 2000), the s i te-specif ic
relative bioavailability and s i t e- spec i f i c s o i l /dus t ratio adjustments , it predicts that no further action is
necessary to achieve the RAO for lead. When the IEUBK model is run using de fau l t assumptions for all
parameters except the s i te-speci f ic relative bioavailabili ty and s o i l /du s t ratio, h predicts that no further
action would not be e f f e c t i v e in achieving the RAO for lead in soil. The range of results re f l e c t s the
uncertainty in using the IEUBK Model to predict whether further action is required to achieve the RAO
for lead at the site.

In order to h e lp determine whether the IEUBK model is y i e ld ing reliable predictions at the
VB/I70 site, USEPA compared the IEUBK model predictions to actual observations of blood lead levels
in the popu la t i on of chi ldren currently living at the site. Even though the available data are from studies
that were not designed to support risk assessment, they do support the f o l l owing:

A. Elevated blood lead l eve l s occur in chi ldren residing within the she.B. Soi l is not l i k e l y to be the main source of elevated blood lead levels.



C. Elevations are not clearly d i f f e r e n t from areas outside VB/I70.

Recently available preliminary results from the KAP Survey indicate that of the approximately
1340 children that have participated in the KAP survey, less than 3.2% of children tested have blood lead
levels greater than 10 ug/dL. The data on blood lead levels in children residing in OU1 suggest that the
No Action Alternative may be e f f e c t i v e in meeting the RAO for lead in soil as predicted by the IEUBK
Model run with recently publ i shed data on soil ingestion rates for children, the s i te-specif ic relative
bioavailabili ty, and the s i te-speci f ic so i l /dus t ratio.

The f ir s t stage of the analysis, presented in Section 7.1, summarizes and comparatively analyzes
each a l t e r n a t i v e ' s achievement of the threshold criteria of overall protectiveness and compliance with
ARARs, as required by the NCP. The second stage of the analysis involves a discussion of the relative
advantages and disadvantages of the alternatives with respect to the f i v e primary balancing criteria under
the NCP, and is discussed in Section 7.2. A summary of the comparative analysis is presented in
Table 7-1.

The modi fy ing criteria of State and Community acceptance will be addressed by the USEPA after
a new Proposed Plan is released, public comment period is completed, consideration is given to all
comments, and prior to the f inal iza t ion of the Record of Decision.

7.1 Threshold Criteria Analysis
7 1 , 1 , Overall Protection of Human Heal th

There is not a large d i f f e r e n c e between each of the 6 alternatives in overall protection of human
health. However, the highest level of overall protection of human health (as measured by how well the
RAOS will be met and short-term e f f e c t i v e n e s s ) would be achieved by Alternative 3.

In Alternative 3, removal and o f f s i t e disposal of yard soils with arsenic EPCs at or above 240
m g / K g or lead EPCs greater than 540 m g / K g would be e f f e c t i v e in preventing exposure to these soils,
which are of the greatest concern with respect to human health risk. This would e f f e c t i v e l y achieve the
first 2 RAOs for arsenic in soil and the RAO for lead in soil. Implementa t i on of a community health
program would be e f f e c t i v e in achieving the third RAO for arsenic in soil and the RAO for lead in soil by
addressing the risks of exposure to non-soil sources of lead and the risks from soil pica behavior through
the components of education, biomonitoring, source sampl ing and analysis, and response actions as



necessary. The community health program would provide additional protection for the community,
because it would provide the mechanism for evaluating other sources of lead (such as lead paint) that may
cause exposures in the future, and for addressing soil pica behavior that may be associated with other
risks in addition to the risk of acute arsenic exposure. Even if there were no detectable arsenic or lead in
soil, soil pica behavior may lead to development of significant gastrointestinal disturbances and/or
blockages, abdominal pain, parasitic infection, and iron def ic iency. The community health program
would include strategies to reduce soil pica behavior within the popu la t i on of children living in VB/I70.
Reduction in soil pica behavior would reduce the risk of these other health e f f e c t s . Alternative 3 would
also minimize short-term risks.

Alternative 2 may provide a similar level of protection compared to Alternative 3, but mere is
some uncertainty associated with the t i l l ing/ t r ea tment component to address soils with lead EPCs above
540 m g / K g . Uncertainties are associated with the e f f e c t of t i l l i n g on surface soil concentrations. This is
because concentration p r o f i l e s were not generated with d ep th or in d i f f e r e n t yard locations for the target
properties, and therefore the resultant lead concentrations in surface soil a f t er t i l l ing are d i f f i c u l t to
predict. Also, the e f f e c t i v ene s s of phosphate treatment is uncertain. This is because s i te-speci f ic testing
would be required to determine the chemical form and applicat ion rate necessary to achieve the
preliminary remediation goals for lead in soil; this would lead to a delay of at least a year in implementing
this portion of the remedy.

Alternative 4 d i f f e r s from Alternative 3 by adding soil removal from properties with arsenic
concentrations greater than 128 m g / K g . This alternative was developed and evaluated at the request of
CDPHE (see A p p e n d i x D). S p e c i f i c a l l y , CDPHE requested that EPA develop alternatives that would
protect residents from cancer risks greater than a range of 3 x 10*3 to 8 x 10"5 to be consistent with
cleanup objectives at the adjacent Asarco Globe site. Based on the f i n d i n g s of the Baseline Human
H e a l t h Risk Assessment, an arsenic EPC of 128 m g / K g corresponds to a point estimate risk level of 8 x
lO"5.

Under Alternative 4, remedial action would be taken at approximate ly 200 properties where
predicted RME cancer risks are within EPA's acceptable risk range and where the f irst 2 RAOs for
arsenic in soil are currently being met. In addition, the predicted point estimate risks is at the 99*
percentile of the risk distribution for the exposed populat ion, indicating that there is a 99% probability
that the true risks are lower than the estimated risks and the combination of exposure assumptions for
OU1 characterizes exposures that are very l ik e ly not occurring at the VB/I70 site. Thus, it is not



necessary to take remedial action at properties where risks within EPA's acceptable risk range (as in
Alternative 4) in order to be protective at the VB/I-70 site OU1.

The first and second RAOs for arsenic in soil are consistent with guidance set out in the O S W E R
Directive 9355.0-30 "Role of the Baseline Risk Assessment in S u p e r f u n d Remedy Selec t ion Decisions".
In part, this guidance states, "Where the cumulative carcinogenic site risk to an individual based on
reasonable maximum exposure for both current and future land use is less that 10̂ , and the non-
carcinogenic hazard quotient is less than 1, action is not warranted unless there are adverse environmental
impacts." The directive further states that consideration of uncertainties in the baseline risk assessment
may lead a risk manager to decide that risks lower than 10"* are unacceptable, triggering the need for
remedial action. EPA considered the uncertainty in the arsenic risk calculations for V B / I 7 0 to determine
whether remedial action is needed at properties where risks are predicted to be less than or equal to 10"4.
The uncertainty analysis in the Baseline Human Heal th Risk Assessment indicates that actual risks are
much more l i k e l y to be lower than the calculated point estimates of risks. Providing protection at the 1 x
10" risk level based on the point estimates of risk (the f ir s t RAO for arsenic in soi l) is l ike ly to provide a
level of protectiveness for the RME scenario in the range of 2 x 10"3 to 7 x 10"J. There fore , it is not
necessary to per form soil removals where arsenic EPCs are lower than 240 m g / K g in order to achieve
protectiveness in the range requested by CDPHE for the RME scenario.

To the extent that there may be unacceptable health risks associated with exposure to soil with
arsenic EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 5 would provide the
highest level of long-term protection because soils with arsenic and lead levels above 47 m g / K g and 208
mg/kg respectively would be removed. However, the f o l l o w i n g information from the baseline risk
assessment and other EPA studies indicates that below 240 m g / K g arsenic and 540 m g / K g lead, soil is not
a major source of exposure and risk an OU1.

For arsenic, potential unacceptable health risk where arsenic EPCs are below 240 m g / K g is
associated with soil pica behavior. Screening level calculations suggest that removing and replacing soil
below 240 m g / K g will not e f f e c t i v e l y protect children from the risk of acute e f f e c t s since under at least
one set of assumptions, the acute HQ is greater than 1 at background level s of arsenic. Also , children with
soil pica behavior are at risk of experiencing other health risks unrelated to arsenic that will not be
addressed by removing and replacing soil.



In the case of lead, it is l i k e l y that other, non-soil sources of lead exist in VB/I-70 that would not
be i d e n t i f i e d under Alternative 5. Evidence from other studies indicates that unless the non-soil sources
are addressed, removing more soil will not be more protective. The USEPA sponsored a study in urban
areas of Baltimore, Boston and Cincinnati to investigate the e f f i c a c y of soil and dust abatement
techniques in reducing blood lead values in children (USEPA 1995). Because of the study design, this
investigation is usually referred to as the "three cities study". Among the key f ind ing s of this study was
the conclusion that:

"... soil abatement alone will have l i t t l e or no e f f e c t on reducing exposure to lead unless there is a
substantial amount of lead in soil and unless this lead is the primary source of lead in house dust"

The report did not rigorously de f ine "substantial", but it was only when soil lead levels were
higher than 1,000 to 2,000 m g / K g that a benefit from soil remediation was detectible. Conversely, in two
cities where soil lead levels were mainly less than 1,000 m g / K g , no substantial decrease in blood leads
could be detected f o l l o w i n g soil remediation. As noted earlier, 99% of all properties tested in Phase ID at
the VB/I70 site have soil lead concentrations below 700 m g / K g , with only three properties being above
1,000 m g / K g . Also recall that, at the VB/I70 site, available data indicate that only about 34% of the mass

of interior dust appears to be derived from yard soil. Thus, it appears that neither of the two conditions
needed for soil removal to be e f f e c t i v e is l ik e ly to a p p l y at most properties at the VB/I70 site.

Evaluation of overall protection must also consider that the extensive removals under Alternative
5 would entail the greatest amount of short-term risks to the community compared to all the other
alternatives due to the presence and operation of heavy equipment and the greater number of truck trips
required to di spose excavated soil o f f s i t e and to transport clean fill to the site. Another short-term impact
to the community is the impact of the additional water use required to establish grass at remediated
properties. Colorado is experiencing drought conditions and water use is restricted in the City of Denver.
EPA estimates that Alternative 5 will require 10 times more water to implement than Alternatives 2 or 3,
and 5 times more water than Alternative 4.

Alternative 6 d i f f e r s from Alternatives 2, 3, and 4 by adding soil removal from properties with
arsenic EPCs greater than 70 mg/kg and/or lead EPCs greater than 400 mg/kg. This alternative was
developed and evaluated in response to comments received on the May 2002 Proposed Plan. Those
comments requested an explanation of why EPA was not considering removing soil from properties



where arsenic exceeds 70 m g / K g as was done at the Asarco Globe site and where lead exceeds 400
m g / K g _ t o be consistent with EPA's screening level for lead in soil.

Based on the f ind ing s of the Baseline Human Heal th Risk Assessment, an arsenic EPC of 70
m g / K g corresponds to a point estimate risk level of 5 x 10"5. However, there is a range of soil EPCs
associated with this same point estimate of RME cancer risk. That range of soil EPCs is 60 m g / K g to 76
mg/kg. There for e , some properties with the same estimated risk levels (i.e. with arsenic EPCs above 60
mg/kg, but below 70 m g / k g ) would not undergo soil removal under this alternative.

To the extent that there may be unacceptable health risks associated with exposure to soil with
arsenic EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 6 would provide a higher
level of long-term protection when compared to Alternatives 2,3 and 4 because soils with arsenic and lead
levels above 70 m g / K g and 400 mg/kg respect ively would be removed. However, as discussed in the
evaluation of Alternative 5, available information from the baseline risk assessment and other EPA
studies indicates that below 240 m g / K g arsenic and 540 m g / K g lead, soil is noj a major source of
exposure and risk in OU1.

Under Alternative 6, remedial action would be taken at 400 properties where predicted RME
cancer risks are within EPA's acceptable risk range. In addition, the predicted point estimate is at the 99th

percentile of the risk distribution for the exposed popula t ion indicating that there is a 99% probabil i ty that
the true risks are lower than the estimated risks and the combination of exposure assumptions used for
OU1 characterizes exposures that are very l ike ly not occurring at the site.

The f ir s t and second RAOs for arsenic in soil are consistent with the guidance set out in the
O S W E R Directive 9355.0-30 "Role of the Baseline Risk Assessment in S u p e r f u n d Remedy Selec t ion
Decisions". In part, this guidance states that "Where the cumulative carcinogenic site risk to an
individual based on reasonable maximum exposure for both current and future land use is less that 10"*,
and the non-carcinogenic hazard quotient is less than 1, action is not warranted unless there are adverse
environmental impacts." The directive fur ther states that consideration of uncertainties in the baseline
risk assessment may lead a risk manager to decide that risks lower than 10^ are unacceptable, triggering
the need for remedial action. EPA considered the uncertainty in the arsenic risk calculations for VB/I70
to determine whether remedial action is needed at properties where risks are predicted to be less than or
equal to 10"4. The uncertainty analysis in the Baseline Human Heal th Risk Assessment indicates that
actual risks are much more l ike ly to be lower than the calculated point estimates of risks.



Providing protection at the 1 x 10"4 risk level based on the point estimates of risk (as in
Alternatives 2 and 3) is l i k e l y to provide a level of protect!veness for the RME scenario in the range of 2
x 10"3 to 7 x 10"3. Ther e f o r e , it is not necessary to p er f orm soil removals where arsenic EPCs exceed 70
m g / K g but are lower than 240 i n g / K g in order to achieve protectiveness for the RME scenario.

EPA performed additional quantitative uncertainty analysis for Alternative 6 using Monte Carlo
techniques consistent with those in the Baseline Human Heal th Risk Assessment. The analysis indicates
that, at an arsenic EPC of 70 mg/kg, the point estimate of cancer risk is 5 x 10"* and the 90th - 95*
percentile cancer risk (the range of RME risks) is 1 x 10"3 to 4 x 10"3, not a significant reduction in RME
cancer risks when compared to Alternative 3 (where the range is 2 x 10"3 to 7 x 10'3), yet the short-term
risks associated with Alternative 6 are higher.

For lead, Alternat ive 6 would require soil removal from properties with lead EPCs lower than
Alternatives 3 and 4 (400 mg/kg, compared to 540 mg/kg). As described above, alternatives with soil
removal actions at 540 mg/kg lead are expected to be e f f e c t i v e in achieving the RAO for lead in soil.
There for e removal of additional soil with lead EPCs between 400 mg/kg and 540 mg/kg would not
contribute s igni f i cant ly to meeting the RAO. Since the FS was prepared, the community health study
known as the KAP survey has been performed within the VB/I70 site. CDPHE and the University of
Colorado Heal th Sciences Center have been awarded a grant from ATSDR to conduct the study. The
door-to-door survey includes (1) a census to count resident children less than 6 years old, (2) a
questionnaire about child behaviors related to soil contact and (3) collection of samples for blood lead
analysis and urine arsenic analysis. EPA is performing the chemical analyses of these biological samples.
Approx imat e ly 1340 children partic ipated in the survey. Preliminary results of the survey indicate that
RAO for lead in soil is currently being met within the site. This provides further evidence mat reducing
the action level for soil removal for lead from 540 mg/kg to 400 mg/kg is not necessary to achieve the
RAO for lead in soil.

Evaluation of overall protection must also consider that the additional removals under Alternative
6 would entail greater short-term risks to the community compared to Alternatives 2,3, and 4 due to the
presence and operation of heavy equipment and the greater number of truck trips required to dispose
excavated soil o f f s i t e and to transport clean fill to the site. Another short-term impact to the community is
the impact of the addit ional water use required to establish grass at remediated properties. Colorado is
experiencing drought conditions and water use is restricted in the City of Denver. EPA estimates that



Alternative 6 will require 4 times more water to implement than Alternatives 2 or 3 and twice as much
water as Alternative 4.

7.1.2. Compl ianc e with A p p l i c a b l e or Relevant and A p p r o p r i a t e Requirements

All of the remedial alternatives evaluated in the comparative analysis would be expected to
comply with ARARs. ARARs relating to the generation of fug i t iv e dust and lead concentrations in
ambient air would be a p p l i c a b l e to the range of engineering actions under evaluation. Although the
potential exists for dust generation during soil t i l l i n g and excavation, and transport and b a c k f i l l i n g
activities, engineering controls would be readily implementable and e f f e c t i v e to achieving compliance
with the appl i cab l e regulations. ARARs relating to the characterization, transport and disposal of solid
wastes would be a p p l i c a b l e for excavated soils and would be met by standard construction and
transportation practices.

In response to the p u b l i c comments concerning lead based paint hazards established by EPA
under the Toxic Substances and Control Act (TSCA) (40 CFR Part 745.65), EPA concluded that these
regulations are not ARARs for OU1. However, Alternatives 2,3,4,5,and 6 are consistent with the TSCA
regulations. The preamble to the regulations includes an explanation of the relationship of the TSCA soil
standards to S u p e r f u n d soil cleanup standards. The preamble states in part that the S u p e r f u n d program
"relies on the EEUBK model for relating environmental levels to blood lead levels in children. The
O S W E R soil lead guidance (EPA, 1994) recommends that the IEUBK Model be app l i ed to utilize site-
s p e c i f i c information that can be very important in evaluating the risks at S u p e r f u n d sites". The preamble
also states, "Si t e- sp e c i f i c information at S u p e r f u n d sites would provide a basis to i d e n t i f y a soil lead level
d i f f e r e n t from the level ident i f i ed in the TSCA rule that would be protective of health". There fore ,
establishing that S u p e r f u n d remedial action is required at properties in V B / I 7 0 where the lead EPC is
d i f f e r e n t f rom the 400 m g / K g or 1200 m g / K g i d e n t i f i e d in the TSCA rule (as in Alternatives 2, 3,4, and
5) is consistent with the rule.

7.2 Primary Balancing Criteria Analys i s

7.2.1 Short-Term E f f e c t i v e n e s s

Alternative 3 provides the highest level of short-term e f f e c t i v ene s s . S o i l removal actions could
be quickly and e f f e c t i v e l y impl ement ed with less risk to workers or the community than Alternatives 4, 5,



and 6. Impl emen ta t i on of the community health program would be e f f e c t i v e in the short term due to the
components of education, biomonitoring, soil sampl ing and analysis, and response actions when
warranted.

Consistent with the NCP (40 CFR Part 300), the evaluation of short-term e f f e c t ivene s s also
considered the environmental impacts of soil removal actions, s p e c i f i c a l l y water use required to establish
grass cover in remediated yards. Since the publication of the FS Report in November 2001, the State of
Colorado has experienced a drought. The severity of the drought is i l lustrated by the fact that the City of
Denver has placed a complete ban on lawn watering beginning October 1,2002.

Watering of replacement lawns and plant s is a critical component of soil removal actions. Soil
removal actions within the adjacent Glob ev i l l e neighborhood required an estimated 9.35 gallons of water
to establish one square foot of replacement sod (Asarco, 1997). An average yard in VB/I70 has an
estimated 5,200 square foot area of soil (EPA, 2001). Assuming that 70% of the soil area is sod,
approximate ly 50,000 gallons of water would be required to establish sod at a typical property. Based on
these assumptions, Alternative 3 would require 10 mi l l ion gallons of water to implement.

* *

Alternative 2 could be implemented with less risk to workers and the community than
Alternatives 3,4,5, and 6. However, Alternative 2 provides a s l i g h t l y lower level of short-term
ef f e c t i v ene s s than Alternative 3, primarily because t i l l i n g / t r e a t m e n t actions would be delayed while
treatability testing was performed and because there would be some uncertainties with the immediate
e f f e c t iv ene s s of the t i l l ing/ t r ea tment activities due to lack of data on lead concentrations with depth and at
d i f f e r e n t locations in the targeted yards. Alternative 2 would require an amount of water equal to mat
required under Alternative 3.

Alternative 4 provides a s l i g h t l y lower level of short-term e f f e c t i v e s than Alternative 3, primarily
because additional removals at properties with arsenic EPCs greater than 128 m g / K g would entail greater
risks to the community due to the operation of heavy equipment in residential areas over a longer period
of time and to truck traffic associated with transportation of excavated soil offsfte and import of clean
b a c k f i l l through neighborhood streets. Alternative 4 would require an estimated 20 million gallons of
water to implement. T h i s is twice as much water as estimated would be required by Alternatives 2 and 3.
Yet the additional removals would not contribute to addi t ional long-term protection of human health as
set out by the requirements of the RAOs.



Alternative 6 provides a lower level of short-term e f f e c t i v e n e s s than Alternative 4, primarily
because addit ional removals at properties with arsenic EPCs greater than 70 m g / K g and with lead EPCs
greater than 400 m g / K g would entail greater risks to the community. Increased short term risks are due to
the larger scope of removal actions, which would require transportation of a larger volume of excavated
soil and clean back f i l l through neighborhood streets by truck. Alternative 6 would require an estimated
43 mi l l i on gallons of water to implement. This is 4 times as much water as estimated would be required
by Alternatives 2 and 3. However, additional long-term protection of human health as set out by the
requirements of the RAOs would not be enjoyed since the requirements of the RAOs would be met by
Alternative 2or 3.

Alternative 5 would provide the lowest level of short-term e f f e c t i v ene s s because of increased
risks to workers and the community due to the prolonged operation of heavy equipment in the residential
areas. There would also be increased risk to the community from truck t r a f f i c associated with
transportation of the largest volume of excavated soil o f f s i t e and import of clean back f i l l (approximately
43,000 truck tr ip s would be required). Alternative 5 would require an estimated 106 mil l ion gallons of
water to implement. Thi s is 10 times as much water as estimated would be required by Alternatives 2 and
3. However, additional long term protection of human health as set out by the requirements of the RAOs
would not be enjoyed since the requirements of the RAOS would be met by Alternatives 2,3 and 4. An
additional consideration is that Alternative 5 does not include a Community Heal th Program component
and so it is highly uncertain that it would be e f f e c t i v e in achieving the third RAO for arsenic in soil

7.2.2 Lone-Term E f f e c t i v e n e s s and Permanence
To the extent that unacceptable health risks are associated with exposure to soil with arsenic

EPCs below 240 m g / K g and lead EPCs below 540 m g / K g , Alternative 5 would provide the highest level
of long-term protection and permanence because soils would be removed where arsenic or lead levels are
above 47 m g / K g or 208 mg/kg respectively. However, the f o l l o w i n g information from the baseline risk
assessment indicates that below 240 m g / K g arsenic and 540 m g / K g Lead, soil is not a major source of
exposure and risk at OU1.

For arsenic, potential health risk where arsenic EPCs are below 240 mg/kg is associated with soil
pica behavior. Screening level calculations suggest that removing and replacing soil below 240 m g / K g
wil l not e f f e c t i v e l y protect chi ldren from the risk of acute e f f e c t s since under at least one set of
assumptions, the acute HQ is greater than 1 at background level s of arsenic. A l s o , children with soil pica
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behavior are at risk of experiencing other health risks unrelated to arsenic that will not be addressed by
removing and replacing soil.

In the case of lead, Alternative 5 may not provide the highest overall protection since, in OU1, it
is l ik e ly that there are other, non-soil sources of lead (such as lead-based paint), which would not be
evaluated and addressed. Alternatives 2,3,4, and 6 would provide an equal level of long-term
e f f e c t i v e n e s s by addressing soils with lead or arsenic EPCs above preliminary action levels of 240 n i g / K g
arsenic and 540 mg/kg lead by t i l l i n g and treatment and/or removal. The benefit of Alternatives 2,3,4,
and 6 are that risks associated with non-soil sources of lead and with soil pica behavior would be
e f f e c t i v e l y addressed by implementation of a community health program under these alternatives. The
additional bene f i t of the community health program is it would provide the community a mechanism to
i d e n t i f y sources of lead exposure other than soils, and a means of addressing them (e.g., through lead
paint abatement). Abatement of exterior lead-paint would be performed under this program if soils at a
property are remediated and paint abatement is required to protect the remedy. Abatement of exterior
paint may be accomplished by referral to another program if soils do not require remediation. The
Community Heal th Program would also provide a program to reduce the l ikel ihood of soil pica behavior
in children within VB/I70. Every lead paint abatement, whether accomplished directly or indirectly
under the Community Heal th Program, is a permanent solution to a non-soil source of lead exposures.
Alternative 2 would provide s l i g h t l y less long-term e f f e c t iv ene s s when compared to Alternative 3 since
the e f f e c t ivene s s of t i l l ing and treatment is less certain than soil removal.

7.2.3 Reduction of Toxici tv. M o b i l i t y or Volume Through Treatment
Alternatives 3,4,5 and 6 do not contain a treatment component and therefore Alternat ive 2 would

result in the highest reduction of toxicity and mobi l i ty due to treatment. However, there are uncertainties
with the treatment process and site-specific testing would have to be performed to evaluate tile chemical
form and app l i ca t i on rate of phosphate and to evaluate the overall treatment e f f e c t ivene s s once
implemented.

7.2.4 Implementab i l i tv

Alternatives 3,4,5 and 6 would be readily implementable with standard equipment and services,
and adequate personnel would be readily available for this type of work. The construction technologies
required to implement these alternatives are commonly used and widely accepted. For Alternat ive 2,

t i l l i n g of residential soils may be d i f f i c u l t to implement. Areas of accessible soils within yards are
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re la t ive ly small and t y p i c a l l y have features such as trees or large shrubs, which would make access and
implementat ion of deep t i l l i n g d i f f i c u l t unless the features were removed and replaced. It is l i k e l y that
due to access constraints t i l l i n g would have to be performed using ro to t i l l er s , which t y p i c a l l y have a
working dep th of about 6 inches. Lead concentrations with dep th have not been generated for the target
properties and if deeper t i l l i n g were found to be necessary to meet the RAOs it would be d i f f i c u l t to
implement.

7.2.5 Cost
Estimated costs for each alternative considered in the comparative analysis are shown below.

These costs inc lude direct and indirect capital costs and review costs for 30 years (there are no operation
and maintenance costs associated with any of the alternatives).

Remedial Alternative
Alternative 2
Alternative 3
Alternative 4
Alternative 5
Alternative 6

Net Present Worth Cost ( M i l l i o n s )
10.6
11.1
17.5

61. 0<"
31.1

Note: (1) Of this amount, approximately $15.6 million is associated with remediation of properties with arsenic EPCs above 47ing/Kg but below 128 m g / K g .

All alternatives meet the threshold requirements of protection of human health and compliance
with ARARs. Alternative 3 provides a greater level of overall certainty for protecting human health
compared to Alternative 2 and entails lower costs and lower short-term risks than Alternatives 4, 5, and 6.
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TABLE 7-1
S U M M A R Y O F T H E C O M P A R A T I V E A N A L Y S I S

EvaluationCriterion Alternative 2 - CommunityHeal th Program,TiUing/rreatrnent (Lead),Targeted Removal andDisposal (Arsenic)

Alternative 3 - CommunityHeal th Program, TargetedRemoval and Disposal
Alternative 4 - CommunityHeal th Program, ExpandedRemoval and Disposal

Alternative 5 - RemovalAnd Disposal Alternative 6 - CommunityHeal th Program, Further ExpandedRemoval and Disposal

Overall Protectionof Human Heal th

Compliance withARARs

Meets the requirements ofthe RAOs - however, there
is some uncertainty withrespect to treatment/ t i l l ing
component

Complies with ARARs

Meets the requirements ofthe RAOs

Complies with ARARs

Meets the requirements ofthe RAOs

Complies with ARARs

Meets the requirementsof the RAOs-howeverthere is uncertainty with
respect to preventingacute exposuresassociated with soilpica behaviorComplies with ARARs

Meets the requirements of theRAOs

Complies with ARARs

Short-TermEffec t ivenes s Reduction in short-termef fec t ivenes s compared toAlternative 3, becauseimplementation would bedelayed to allow fortreatability testing oft i l l i n g / p h o s p h a t e treatmentcomponent and because ofuncertainties associated withe f f ec t ivenes s oft i l l ing/treatment
3.3 % probability ofaccident involving injury
0.16% probability ofaccident involving f a t a l i t y
estimated 10 million gallonsof water required

High level of short-terme f f ec t ivenes s
6% probability of accidentinvolving injury
0.29% probability ofaccident involving f a t a l i t y

10 million gallonsof water required

Reduction in short-termeffec t ivenes s compared toAlternative 3, because ofrisks associated with soilremoval for properties witharsenic concentrationsbelow RAO risk levels
12% probability of accidentinvolving injury
0.6% probability of accidentinvolving f a t a l i t y
estimated 20 million gallonsof water required

Lowest level of short-term ef fec t ivenes sbecause of risks toworkers and thecommunity duringimplementation ~particularly associatedwith operation of heavyequipment and trucktransportation inresidential areas
65% probability ofaccident involvinginjury
3.2% probability ofaccident involvingf a t a l i t yestimated 106 milliongallons of waterrequired_______

Reduction in short-termeffec t ivenes s compared toAlternative 3, because of risksassociated with soil removal forproperties with arsenicconcentrations below RAO risklevels
25 % probability of accidentinvolving injury
1.3% probability of accidentinvolving f a t a l i t y
estimated 43 million gallons ofwater required



EvaluationCriterion

Long-TermEffec t ivene s s andPermanence

Reduction of
Toxic i ty , Mobili tyor VolumeThrough Treatment

Implemen tab i l i ty

Cost

Alternative 2 - CommunityH e a l t h Program,T i l l i n g / T r e a t m e n t (Lead),Targeted Removal andDisposal (Arsenic)
Would be e f f e c t i v e over thelong-term. CommunityH e a l t h Program providesadditional benefit inproviding a mechanism forevaluating other sources oflead

Eff e c t ivene s s of treatmentwith t i l l ing expected to bee f f e c t i v e , but there areuncertainties and site-spec i f i c testing would berequired to support design
Expected to be readilyimplementable. However,t i l l ing may be d i f f i c u l t toimplement if deep t i l l ing isrequired to meet RAOs.This would be evaluatedduring design
$10.6 million

Alternative 3 - Communityiealth Program, Targetedtemoval and Disposal

Would be e f f e c t i v e over thelong-term. CommunityH e a l t h Program providesadditional benefit inproviding a mechanism forevaluating other sources oflead

Does not contain a treatmentcomponent

Readily implementable

$11 1 million

Alternative 4 - CommunityIealth Program, ExpandedRemoval and Disposal

Would be e f f e c t i v e over thelong-term. CommunityHealth Program providesadditional benefi t inproviding a mechanism forevaluating other sources oflead

Does not contain a treatmentcomponent

Readily implementable

$17.5 million

Alternative 5 - RemovalAnd Disposal

Highest possible levelof long-terme f f ec t ivenes s for risksassociated with soilbecause all soils witharsenic or lead abovelevels of concern wouldbe removed. Would notprovide information onother sources of lead.Would not reduce orprevent soil picabehavior.
Does not contain atreatment component

Readily implementable

$61.0 million

Alternative 6 - CommunityH e a l t h Program, Further ExpandedRemoval and Disposal
I

Would be e f f e c t i v e over the long-term. Community Heal th Programprovides additional benefit inproviding a mechanism forevaluating other sources of lead

Does not contain a treatmentcomponent

Readily implementable

$3 1.8 million
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REVISED APPENDIX B - DETAILED COST ESTIMATES



D E T A I L E D COST E S T I M A T E S

Detailed cost estimates for each action alternative are provided in Tabl e s 1 through 5. Alternative
1 (No Action) is the baseline for the cost estimates for the other alternatives and is assumed to have no
associated cost These detailed estimates present the quantities made in es tabl i shing the scope of work
(areas, volumes, etc.) and the calculations from which the estimated costs were derived. The unit costs
shown for each work item reflect an assessment of the labor, materials and equipment required for each
id en t i f i ed item and include allowances for appurtenant and incidental work as well as contractor overhead
and pro f i t Unit cost rates and associated productivity factors are based on historical factors, published
industry data, information on previous removals actions at the VB/I70 site, and/or experience on pro j e c t s
of similar scope and nature. The quantities used in assessing the scope of work are based on CIS
information from the site and from quantities generated during previous removal actions. However, some
uncertainties exist with respect to the potential d i f f i c u l t i e s which may be encountered and accordingly,
contingency allowances have been included in the estimates, consistent with the extent of the unknowns
and uncertainties. The contingency allowance is intended to cover unspec i f i ed , or unident i f i ed , work
required to be completed within the scope of work and not additional work beyond the established scope of
work. Notwi th s tanding these unknowns, the accuracy of the estimates is anticipated to f a l l within tine
acceptable range for typical f e a s i b i l i t y study evaluations of+50% to -30%, in accordance with EPA
guidance ("A Guide to Developing and Documenting Cost Estimates During the F e a s i b i l i t y Study"
OSWER 9355.0-75).

1.0 Initial Remedial Action Capital Cost Estimates

The initial phase of remedial action includes engineering activities (such as soil
removal/replacement or soil t i l l i n g ) and setting up the Community H e a l t h Program. Detailed cost
estimates were generated for (1) soil t i l l ing/ t r ea tmen t and restoration at an individual property (Tabl e 6);
(2) soil removal and disposal and restoration at an individual property ( T a b l e 7); and (3) setting up the
Community Heal th Program ( T a b l e 8).



2.0 Ongoing Remedial Action Annual Cost Estimates

After the initial phase (described above) some alternatives considered in this FS contain an
ongoing Community Heal th Program as part of remedial action. Estimates of the annual costs for the
Community H e a l t h Program were prepared for activities anticipated to be performed each year f o l l o w i n g
completion of initial she remediation activities. A 30-year remedial action period has been used for
costing purposes. The annual cost estimates for each alternative are included in Table s 1 through 5 and are
presented in constant 2002 dollars. No escalation factors have been app l i ed to future costs in performing
the present worth analyses. Unit cost rates and associated productivity factors are based on published
industry data, and/or experience on projec t s of similar scope and nature. For the Community Heal th
Program a baseline annual cost was estimated ( T a b l e 9). It was assumed that the scope of this program
would be reduced during the 30-year remedial action period, as health risks were ident i f i ed and addressed.
For the purposes of costing it was assumed that the cost of the program would reduce to 75% of the initial

annual cost a f t er 5 years, and to 33% of the initial cost af t er 10 years.

3.0 Periodk Costs

For the alternatives considered in this FS the only periodic costs are associated with 5-year
reviews. As spec i f i ed in EPA guidance (EPA, 1988aX a 30-year period has been used for costing purposes.
The 5-year review cost estimates for each alternative are included in Table s 1 through 5 and are presented
in constant 2002 dollars. No escalation factors have been app l i ed to future costs in performing the present
worth analyses. Unit cost rates and associated productivity factors are based on published industry data,
and/or experience on pro j e c t s of similar scope and nature.

4.0 Operation and Maintenance Coats
There are no Operation and Maintenance costs associated with any of the alternatives - all

activities are considered to be part of remedial action.



5.0 Present Worth Calculations

Present worth analyses were performed on estimated costs associated with each remedial
alternative to provide a common basis for comparison. Present worth analysis calculates a current value, or
worth, of all costs incurred in the present or at some future date at an assumed constant rate of return, or
discount rate. The present worm calculated represents an amount, which if invested in 2002 at a certain
rate of return would yield the appropriate d o l l a r amount to meet the required expenditures over the
construction and 30-year remedial action periods. The exact duration of initial implementation and
corresponding capital costs will be dependent on the results of the remedial design phase. At mat time the
most appropriate implementation scenario can be developed. However, the assumed durations are
reasonable and allow for an objective, relative comparison of the alternatives.

Because total remedial action costs could be e special ly sensitive to the prevailing rate of return
used in the present worth analyses, rates of return of 3%, 5%, and 10% were used to prepare present worth
estimates for each alternative. The capita] costs spread out over the anticipated implementation period
were also discounted to constant 2002 do l lar s using rates of return of 3%, 5%, and 10%. For s impl i c i ty,
only the present worth calculated at an assumed 5% rate of return has been presented in the text and used
in the comparison of costs. The present worm analyses performed in this report are considered befcwne-tox
analyses and do not consider future escalation of costs. The expenditure of remedial action and 5-year
review costs and subsequent present worth analyses for the alternatives are presented in Table s 10 through
14.
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DETAILED COST ESTIMATE
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T A B L E 2
D E T A I L E D COST E S T I M A T E

V A S Q U E Z BOULEVARD/I-70 SITE OU1
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TABU 3
D E T A I L E D C O S T E S T I M A T E

VASQUEZ BOULEVARD/I-70 SITE OU1
A L T E R N A T I V E 4 - C O M M U N I T Y H E A L T H PROGRAM, E X P A N D E D REMOVAL A N D D I S P O S A L

ArnoN ANNUAL com

Teal U.



T A B L E 4
D E T A I L E D COST E S T I M A T E

V A S Q U E Z BOULEVARD/1.70 SITE OU1
ALTERNATIVE 5 - REMOVAL AND DISPOSAL
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T A B L E S
D E T A I L E D C O S T E S T I M A T E
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T A B L E 6
D E T A I L E D C O N S T R U C T I O N COST E S T I M A T E F O R S O I L T I L L I N G / T R E A T M E N T P E R R E S I D E N T I A L Y A R B J

V A S Q U E Z BOULEVARD/1-70 SITE OUI

bcnVDcscnpAMo

DIRECT f A P T f l i L COSTS
Site Picpi rationT f l l i n iTiaament Chemical PurchaseChemical handling and tp jr t t ca ioo
Property RestorationPost-Remedy Toting

Quantity

1
580

9,704
9.7041

1

Unit

b
VIb
Ib

LSLS

Unit
CML

$75000
$5.00
$0.25$OJO

$2̂ 00.00
$4.00000

T O T A L E S T I M A J E D C A P I T A L COST

Extcmtoi

$750.00$2.90000
$2,425.93
$2^11.11
$2̂ 00.00
$4.000.00

$15,487 JM

Assumptions
1) Area of soils estimated at 580 square yards (WaoMngton Group, 2001 b).2) Treatment chemical P2O5 coat 9 450 per tea3) Target concentration 1 % P In treated eoH • 0.01 • 6240 feot • 0.6 feet • 100 Ibs per cubic toot o 2,620 Ibs of P. a 2.6200.27 foe of P2O5



T A B L E ?
D E T A I L E D CONSTRUCTION COST ESTIMATE FOR SOIL REMOVAL A DISPOSAL PER RESIDENTIAL YARD

V A S Q U E Z BOULEVARD/K7i SITE OW

Item/Descript ion

DIRECT C A P I T A ! / C Q S T S
Gl4^ ^ -•• - —otic r l c p W W O u
Soil Removal
Transport/ Dispose Excavated Soil
Purchase/Transport Clean Fill' Place & Grade Clean Fill
Property Restoration

S U B T O T A L DIRECT C A P I T A L C O S T S

Quantity

1
194
194
194
194

1

Unit •

LSeyeycycyLS

UnH
Cost

$750.00
$18.00
$16.00
$19.00
$20.00

$3400.00

Extension

$750
$3,492
$3,104
$3,686
$3,880
$3.500
$18.412

Assumptions
1) Volume of soils estimated at 5,240 square feet excavation areas at a property, 1 foot depth (=194 cubic yards per property).



Tabl e aOctal*! C<Mt Estimate for Community Heal th Program Setup

Develop PuMc Awareness CampaignNewspaper•News/Pos t-LaVozDirect Ma» Fact SheetTask Subtotal
Develop cflnto-based UUMXJI Storing program• Health Sciences Professional• Infofmallon System DavalopmantDocuinentaUon of pmyiBRiCnnt c ta cBt ta s s e t upTask Subtotal3 Source Investigation and RemedtationDevelop sampling and iauMd§0ui programProflram documentationTask Subtotal4 Program IntroductionPublic Meeting• Health Sciences Professional
-Hall Rental (Community Centat)•AV Equipment• DlrBCt Ma! Fact Shset

Subtotal

— — — G S o T — — — r! ^i i i
400 $90 $36,000

400 $36.0CK

180 $75 $13.500320 $76 $24,000
160 $88 $13.600120 $69 $7.800780 $58.900
200 $85 $17.000
160 $85 $13.600380 $30.600

60 $89 $9.100
60 $75 $4.600

120 $9.60
1980 $135,190$6.751141*

————————— "»*» ________

I 1 I 1
10000 brochures $2 $20.000

4000 (actsheat $2 $8,000

10 copies $90 $5001 supples $9.000 $5.000

10 copies $50 $500

4000hct8heets $2 $8.000
$4X000

! i 1 i
1 a r t W O f k $10.000 $10.000
1 Ml budget $8.000 $0.0001«i budget $2.400 $2,4001 maBnfl $1,600 $1,600

2 $160 $300
2 $50 $1001 matting $1.600 $1.600

$21300
U1.M

$06.000
$6.000
$2,400
$9600

$13.500$24.000$14.100$12,800

$17.000
$14.100

$8.100
$4500$300

$100
$9.600

$198,800
* $6.755$209498

P a g e l o M



T«M»9Dctated Annual Coct Estbnate for

•
immunity H e a r t h Program Annual Coats

Public education and outreach

-News/Pos t' l a V o zDirect malTask Subtotal2 Ongoing Clinic-based BtomemltortngImplement oMc besail Uumonaorfeig program- Blood toad samplng a analysis- Urine arsenic sampang a analysis- Participation irminihtT EE Series Sayings BondsCase management services
C O n t e f a d H e sTask Subtotal3 Source hvwBoatton and RemadtaBonhipternertotH^ng samplng prooram 33/yr- Interior dust tatertorpeM toadsamples 4hrm»• Sol toad a arsenic samples ehr fra s

Yard RanwdMton (Inducing axMdr

Annual SubtotalHealth a Safety (10% of ta twO .P f d e d Management ( 6 % o f labon — — — — — — — — — — — — — . — — — —

— — — — GboT — — — — T
I
i

168 $80 $13.440

288 $21.441

400 $68 $26,000400 $68 $26,000
400 $89 $28.000400 $48 $18,000

1600 $96,00
^IM *•«* "̂*i"̂ "*132 $69 $8.880
198 $68 $12,87033 $68 $2,146

783 $61.81
1631 $179,031$17.904$6.95

! ! I it
4000 brochures $1 $4.000

100 bonds $28 $2£00

— — — — — — — — — — — — $ w «

________ Benrtcaa "" "

1 promo. $3,900 $3,900
1 ad budget $1.200 $1̂ 001 ad budget $600 $6001 maatag $1,600 $1.600

700 samples $38 $24.800700 samples $48 $31,800

4 months $1,000 $4,000

66 samples $18 $990
99 samples $39 $3.469

1 property $49.000 $49,000
$1164H

•116.21

AnnualTotal

$17,440
$11.900

$1.200
$600$1.900

$50,500
$97.600
$26,00!$16,000

$4.000

$9,670
$16,338$2.148

$46,000

$301,790
* $17.904
+ S8.952$328.646

P a g e i o M



Poor Q u a l i t y S o u r c eD o c u m e n t
T h e f o l l o w i n g d o c u m e n ti m a g e s have beenscanned f r o m th e besta v a i l a b l e source copy.

To view the ac tual hard c o p y ,contact t h e S u p e r f u n d Record sC e n t e r at ( 3 0 3 ) 312-6473 .



TABLE 10
P R E S E N T WORTH A N A L Y S I SVASQUEZ BOULEVARD/1-70 SITE OUI

A L T E R N A T I V E 2 - C O M M U N I T Y H E A L T H PROGRAM, T I L L I N G / T R E A T M E N T (LEAD), T A R G E T E D REMOVAL A N D D I S P O S A L ( A R S E N I C )

Y«r Com Can Tori Annul
Expcnditii DUMUM

o1
2
3
4
5
6
7
I
9
10
11
12

I I14
1516
I T
I I
1920
21
223324
252617
2*2910

$64214*1 SO
S 4 5 I . H 7
5431,07
$451487
$431487
$367.183
SUtflS
S 3 J M US33S4-I3
S367.I85
$149,123
S I 4 9 . I 2 3$149,123

$ I 4 9 , I 2 J$177493
$149,123
$149.123$149.123
$149.121
$177493
$149.123$149.123
$149.123
$149.123
$149.123$149.123$149.123$149,123$177493

J 4 5 I . S J 7
$451^17
$367.115
$331^15

C 3 I J I I 3
I 3 H 9 I 3
$367.115
$149.123
$149.123$149.123
$149.123$177493
$149.123
$149.123$149.123
$149,123
$177493$149,123
$149.121$149.123
$149,1231177493$149.123
$149.123$149.123$149.123$177493

10000
09709
094260.9151
O S S S 5
01626
0.1375
O S I 3 I07194
0.7664
07441
0.72240701406110
0.661106419
06232
060500.5*74
05703
OJS37
053750.521905067
049190477604637
045020.437104243
04120

$6421461$438.725$423,947
$413441
$401.496
$316,737
$283.836
$2734*9$267443$259,750
$273420
$107.729
$104492$101445
$98488$113462$92.928
$90422
$85,043
$98411$80.161$77.826
$75459$73458$84.724
$69.147
$67.133$65.178$63480
$73,083

TOTAL PRESENT WORTH @3HS1U87.000

$6421461M10.E03
8373.460
8330,509
S227.S93
8191409$173.917
8138,104
8141,733
8141466
832447
S474I5843.193
S42.4S4
S32.4S3
229403
824483
3264*3220.131
S I 8 4 I 981̂ 634815.140
816473
81241281147381044109.0)1
810,106

©105*89,295,000



TABLE 11
P R E S E N T WORTH A N A L Y S I S

V A S Q U E Z BOULEVARD/I-70 SITE OU1
ALTERNATIVE 3 - COMMUNITY HEALTH PROGRAM, T A R G E T E D REMOVAL AND DISPOSAL

0I23
4
56
7
t
91011

121314
151617

I I1920212223242526272129
30

Total Annul)

SO
$451.817
S451.U7$451.887
S 4 5 I . W 7$480.157
S 3 3 M I 5S 3 3 S . 9 I 5$338415$33*913$367.115$149.123$149,123$149.123
$149.123$177493
$149,123$149.123$149.123$149.123$177,393$149,123$149.123$149.123$149.123
$177^93$149,123$149.123$149,123
$149.123$177493

$6.770.416
$451.887$451.887
$451.887
$451.887
$480,157
$338415
$338,915
$338^15

Rj It of Retain-3%Ducount
Factor

S367.I85
$149.123$149.123$149,123$149.123$177493$149.123
$149.123
$149.123$149.123
S177493$149.123$149.123$149.123$149.123
$177493$149.123$149,123$149.123
$149.123$177493

1.0000
0.9709
0.94260.9151
0.8885
0.8626
0.8375
08131
07894
0.7664
07441
0.7224
0.7014
0.6810
0.6611
0.6419
0.6232
0.6050
0.5874
0.57030.5537
0.53750.5219
0.5067
0.4919
0.4776
0.46370.45020.4371
0.42430.4120

TOTAL rBESENT WORTH

Praunt

$11,934,000

1.0000
0.9091
0.8264
0.75130.68300.6209
0.56430.51320.46650.42410.3855OJ50504186
0.2897
0.26330.2394OJ1760.19780.17990.16350.14860.13510.1228
0.11170.10150.09230.08390.07630.06930.0630
0.0573

$6.770.416
$438.725$425,947
$413441$401.496
$414.188
$283,836
S275469
S267443$259.730$273,220
$107,729
$104492$101445
$98488

$113,862$92428
$90.222$87494
$85.043$98^18
$80.161
S77.826
$75459
$73458
$84.724
$69.147
$67.133
$65.178
$63480
$73.083

$6.770.4162410.803
S373.460S339409
$300*45$298,140S I 9 1 4 0 9$173,917$150.103SI43.733$141466$524*7
S 4 7 4 I S843.194
$39.269$42.466532,453$29403$26.821S24483$26468$20.151S I 8 4 I 9$16,654S I 5 . I 4 0S I 6 4 7 3$12412811473
$10441$9.401810,163

@IO%$9,814,000



TABLE 12
P R E S E N T WORTH A N A L Y S I S

V A S Q U E Z BOULEVARD/1.70 SITE OU1
ALTERNATIVE 4 - COMMUNITY HEALTH PROGRAM, E X P A N D E D REMOVAL AND DISPOSAL

Yew CapitalCosts

012
3
4
5
6
7
I910

1112
13141516
17I I
1920

21222324
25262721
2930

$13.15441

OngoingCOM

SO$451.8*7
S45I.M7
S451.M7
$451,887
$480.157$338.915
S3349I5$33*915$33*915
$367.115
$149,123$149.123
$149.123$149.123$177.393$149.123$149.123
$149.123$149.123$177493$149.123$149.123$149.123$149.123$177.393

$149.123$149.123
$149.123$149,123$177,393

Tom AnnulExpenditure Rite of Return-3%DiscountFactor
$13,154317

$431.887
$451,817
$451.817
$451.887
$480,157
$338,915
S 3 3 M I 5
$338,915
$338^15
S367.185
$149.123
$149.123
$149,123
$149,123
$177,393
$149,123
$149,123
$149.123
$149.123$177.393$149.123
$149,123$149.12)$149.123$177,393$149.123
$149.123$149.123$149.123$177.393

10000
0.970909426
0.915108885
08626
0.8375
08131
0.7894
0.7664
0.74410.72240.70140.681006611
0.6419
0.6232
0.6050
0.5874
0.57030.5537
0.5375042190.5067
0.4919
0.477604637
0.45020.43710.42430.4120

PresentWorth

TOTAL PRESENT WORTH $18,318,000

Rite of Retain-10%

1.00000.9091
0.1264
0.75130.6830
0.62090.5645
0.51320.46650.4241OJ855
OJSOSOJ186
0.28970.26330.2394
0.21760.1978
0.17990.16350.1486
0.13510.1228
0.1117
0.1015
0.0923
0.0839
0.070
0.06930.06300.0573

$13.154,317
$410308$373,460
$339^09
$308*43$298.140
$191^09$173.917$158,106
S143.733
$5^267$47.515$43.196
$39.269$42.466
$32/53$29,503$26,821
$24483
$26468
$20.151
$18419
$16*54
$15.140
$16473
$12412
S I I 4 W$10441$9.401
$10.160

$13,154417
$438,725$425.947
$413441
$401,496
$414,188
$283,836$275469
$267443
$259,750$273,220
$107,729
$104492$101443
$98488

$113.862$924*28
$90422$87494
$85.043
$98418
$80.161
$77.826
$75459
$73458
$84.724
$69.147
$67.133
$65,178
$63480
$73,0*3



T A B L E D
PRESENT WORTH A N A L Y S I S

VASQUEZ BOULEVARD/I-70 SITE OVI
ALTERNATIVE 5 - REMOVAL AND DISPOSAL

01234567891011121314
151617
I I1920

21222324232627212930

$16482.089
$16482.089$16482,089$16482,089

T M l A n u lCom
SOsososo$0
$0
$0so$0sososososo

$0soso
$0sosososososo$0soso$0$0

$0so

K x p f f l d i t u r e

$16482,089$16482.089$16482,089
$16482,089SO

SOSOSOSO
SOSOSOSOSOSOSOsososososososososo$0sososososo

S E N T WORTH

DucoattFactor
1.0000
0.9709
0.9426
0.9151
0.8885
0.8626
0.8375
0.81310.7894
0.76640.74410.72240.70140.6810
04611
0.64190.62320.60500.5874
0.57030.55370.5375
O J 2 I 90.50670.49190.47760.4637
0.45020.4371
0.42430.4120

IT63COI
Worth

$16482,08
$15,904,94
$15.441,69
$14.991.93

SO
SOSO
SOSO
SOSOSO
SO$0
SO$0SOsososososososo$0soso

$0sososo
@ 3%

$62,721,000

R*te «f fatal* -10%Dinoa* « —— •Factor
1.0000
0.9091
0.82640.7313
0.68300.62090.5645
0.31320.46630.4241
OJ8S3OJ505O J I 8 6
0.28970.26330.23940.21760.19780.1799
0.16330.14860.13310.12280.11170.10130.09230.08390.0763
0.06930.06300.0373

rioooa
Worth

$16482.089814.892^08
$13438^17$12408.106$0SOSOSOSOsosososososososososososososososososososososo

0 I O H
S57.122.000



TABLE 14
P R E S E N T WORTH A N A L Y S I S

V A S Q U E Z BOULEVARD/I-70 SITE OU1
ALTERNATIVE 6 - COMMUNITY HEALTH PROGRAM, FURTHER E X P A N D E D REMOVAL AND DISPOSAL

Y«r QptalCwis
$13.72341*$13.723416

CMtt

SOS45I.W
$451.8(7
$451.07
S45I.M7$410,157
S33MU$33*915$33*915$33*915$367,115$149,123$149.123

$149.123$149,123$177,393$149,123
$149.123$149.123$149.123$177,393$149.123$149,123$149.123$149.123$177.393$149.123$149.123$149.123$149.123$177,393

Total Aiuiutl R i t e o f R e t a n O SDiscount
Factor

S13.723.3ltf$14.175,203
S45I.M7$45I,M7
$451.117$480,157
$331,915$33*915$33*915$33*915$367.1(5$149,123$149.123$149,123

$149.123$177,393$149.123$149,123$149,123$149,123$177.393$149,123$149.123$149.123$149.123$177,393
$149.123$149.123$149.123$149,123$177493

1.000009709
0.9426
0.9151
O S M 5
0.86260.1375
0.11310.71940.7664
0.7441
0.7224
07014
0.6S10
0.66110.64190.6232
06050
0.5174
0.57030.5537
0.53750.52190.50670.4919047760.46370,45020.43710.42430.4120

Piocnt

$13.723416
$13.762433$425,947

$413441$401.496
$414,188
$283,836$275469$267443$259.750$273,220
$107.729
$104492
$101445
S9*5U$113,862
$92^28$90,222$87494
$85.043
$9*218
$80.161
$77.126
$75459
$73458
$84.724
$69.147$67.133
$65.178
$63.280
$73,0(3

R f t t e o TDimum

1.000009091
0.8264
0.75130.68300.620904645
0.51320.46650.424104(5504505041(60.28970.26330.23940.21760.19780.17990.16350.14860.13510.12210.11170.10150.09230.08390.07630.06930.06300.0573

@3H

1-10%

$13.723416$12.886448
$373.460
$339409$308,645$29*140
$191409$173,917
$158,106$143,733$141466$52367$47415$43.196
$39.269$42,466$32.453$29403
$26421$244(3$26368$20.151$1*319$16.654$15.140$16473$12412$11475$10441$9.401
$10.166

TOTAL PRESENT WORTH ,000
@10H

S29.243.000



R E V I S E D APPENDIX C - MANAGEMENT OF RISKS ASSOCIATED WITH LEAD AND
A R S E N I C I N R E S I D E N T I A L S O I L S ,

V A S Q U E Z B O U L E V A R D / I N T E R S T A T E 7 0 S U P E R F U N D S I T E



U N I T E D S T A T E S E N V I R O N M E N T A L P R O T E C T I O N A G E N C Y
REGION 8

999 18™ STREET - SUITE 300
D E N V E R . CO 80202-2466ht tp://www.epa.gov/region08

November 22, 2002

Ref: 8EPR-SR
MEMORANDUM
S u b j e c t : Management of Risks Associated with Lead and Arsenic in Residential Soi l s ,

Vasquez Boulevard/Inters tate 70 S u p e r f u n d S i t e
From: Bonnie Lavel l eRemedial Project Manager/
To: Administrative Record File

The purpose of this memorandum is to provide the basis for EPA's determination that
remedial action is necessary to address unacceptable human health risks associated with potent ial
exposure to lead and arsenic in the residential soils Operable Unit 1 of the Vasquez
Boulevard/Inters tate 70 (VB/I70) S u p e r f u n d Site. Thi s memorandum also provides the basis for
V B / I 7 0 S i t e - s p e c i f i c preliminary action levels for lead and arsenic in residential soil.
H u m a n H e a l t h Risks Asso c ia t ed with Pot en t ia l Exposure to Arsenic

EPA completed a quantitative baseline human health risk assessment (EPA, 200la) which
evaluated current and anticipated future exposure of residents within V B / I 7 0 S i t e
Operable Unit 1 to concentrations of arsenic measured in soil collected from their yards. The
reasonably anticipated fu ture land use of the residential area of V B / I 7 0 is residential. It is not
expected that the current land use will change. The exposure pathways of concern to residents
are incidental ingestion of soil and dust, ingestion of home grown garden vegetables, and
intentional ingestion of large amounts of soil by children with soil pica behavior. The adverse
health e f f e c t s associated with arsenic exposure that were considered by EPA are:

Acute non-cancer e f f e c t s (irritation of the gastrointestinal tract l eading to nausea and
vomiting). EPA evaluated the risk that such e f f e c t s could p o t e n t i a l l y result from a one-
time exposure to arsenic by a child with soil pica behavior who happen s to ingest soil f r om
a small area of a yard that contains arsenic level s higher than the average concentration in
the yard.

'nnted on Recycled Paper



• Subchronic non-cancer e f f e c t s (diarrhea, vomiting, anemia, injury to blood vessels,
damage to kidney and liver, and impaired nerve function). EPA evaluated the risk thatsuch e f f e c t s could po t en t ia l ly result from lower level exposure for periods of a few monthsto several years by a child who plays pre f e r en t ia l ly in a small area of a yard during the
summer months and happens to incidentally ingest soil at a rate characteristic of the upperpercentile of the general population.

• Chronic non-cancer e f f e c t s (similar to subchronic e f f e c t s but also include skin
abnormalities). EPA evaluated the risk that such e f f e c t s could po t en t ia l ly result fromlower level exposure over a long period of time such as that associated with long termincidental ingestion of soil and dust and ingestion of home grown garden vegetables by
long time area residents who have spent their childhood and adult years living at the sameresidence.

• Chronic cancer e f f e c t s (skin cancer, internal cancer inc luding cancer of the b ladder and
lung). EPA evaluated the risk that such e f f e c t s could p o t e n t i a l l y result from lower level
exposure over a long period of time such as that associated with long term incidental
ingestion of soil and dust and ingestion of home grown garden vegetables by long time
area residents who have spent their childhood and adult years living at the same residence.
The baseline human health risk assessment quantified potential risks to residents with

average levels of exposure and to residents with "reasonable maximum" levels of exposure. The
intent of the reasonable maximum exposure scenario is to estimate an exposure case that is
conservative, yet still within the range of po s s ib l e exposures. Reasonable maximum is generally
intended to characterize the 90th-95th percentile of the exposed populat ion. Consideration of
both average exposures and reasonable maximum exposures gives the risk manager a range of risk
estimates to provide an indication of the variability, uncertainty, and inherent protectiveness in theassumptions used to quant i fy potential risks. Average exposures are sometimes referred to as
"central tendency exposures". In this memorandum, the "average" and "central tendency"areused interchangeably.
Risk of Acute E f f e c t s

EPA's evaluation of the risk of acute e f f e c t s f rom exposures to arsenic associated withsoil pica behavior in children is considered to be a screening level evaluation because of thesubstantial uncertainty which exists in most of the exposure assumptions. The screening level
calculations performed for the VB/I70 Si t e indicate:
• Average soil pica exposures may result in doses of arsenic that range from less than or

equal to the reference dose ( hazard quotient < 1) to 100 times the reference dose (hazard
quotient = 100). Between 294 and 1511 propert ie s have arsenic concentrations that are
predicted to result in an acute hazard quotient greater than 1 for average soil picaexposures.



• Reasonable maximum soil pica exposures may result in doses of arsenic that range from
less than-or equal to the reference dose (hazard quotient <-l) to 300 times the.reference
dose (hazard quotient =300). Between 662 and 1841 propertie s have arsenic
concentrations that are predicted to result in an acute hazard quotient greater than 1 for
reasonable maximum soil pica exposures.

Risk of Suhchronic Non-Cancer E f f e c t s
The baseline human health risk assessment indicates:
• At any residential property in VB/I70, children with average levels of exposure may

in c id en ta l ly ingest soil with arsenic and the resulting dose is predicted to be less than or
equal to the subchronic reference dose (hazard quotient < 1). There are no propert ie s
with arsenic concentrations that are predicted to result in a subchronic hazard quotient
greater than 1 for average levels of exposure.

• Area children with reasonable maximum levels of exposure may inc identa l ly ingest soil
with arsenic that results in a dose ranging from less than or equal to the subchronic
reference dose (hazard quotient < 1) to 3 times the subchronic reference dose (hazard
quotient = 3). There are 7 proper t i e s with arsenic concentrations that are predic ted to
result in a subchronic hazard quotient greater than 1 for reasonable maximum levels of
exposure.

Risk of Chronic Non-Cancer E f f e c t s
The baseline human health risk assessment indicates:
• Area residents with average levels of exposure may, over a long period of time,

inc idental ly ingest soil with arsenic and ingest garden vegetables with arsenic that results
in a dose ranging from less than or equal to the chronic reference dose (hazard quotient <
1) to 2 times the chronic reference dose (hazard quotient = 2). There are only 2 properties
with arsenic concentrations that are predicted to result in a chronic hazard quotientgreater than 1 for average levels of exposure.

• Area residents with reasonable maximum leve l s of exposure may, over a long period of
time, i n c i d e n t a l l y ingest soil with arsenic and ingest garden vegetables with arsenic that
results in a dose ranging from less than or equal to the chronic reference dose (hazard
quotient < 1) to 5 times the chronic reference dose (hazard quotient = 5). There are 26
propert ie s with arsenic concentrations that are predic ted to result in a chronic hazard
quotient greater than 1 for reasonable maximum levels of exposure.



Cancer Risks
• The baseline human health risk assessment indicates:
• Area residents with average levels of exposure may, over a long period of time,

inc identa l ly ingest soil with arsenic and ingest garden vegetables with arsenic that results
in a cancer risk ranging from 2 x W* to 9 x 10"5. There are no properties where cancer
risks are predicted to exceed 1 x 10*4 for average levels of exposure.

• Area residents with reasonable maximum levels of exposure may, over a long period of
time, incidental ly ingest soil with arsenic and ingest garden vegetables with arsenic that
results in a cancer risk ranging from 1 x 10'3 to 8 x 10*4 . There are 99 properties where
cancer risks are predicted to exceed 1 x 10"* for reasonable maximum levels of exposure.
T a b l e 1 summarizes the results of the baseline human health risk assessment.

Determination of U n a c c e p t a b l e Risks due to Arsenic Exposure
EPA guidance contained in the O f f i c e of Sol id Waste and Emergency Response (OSWER)

Directive 9355.0-30 (EPA, 1991) states that where the cumulative carcinogenic site risk to an
individual based on the reasonable maximum exposure (RME) for both current and future land
use is less than 10"4, and the non-carcinogenic hazard quotient is less than 1, action generally isnot warranted . The guidance fur ther states that EPA should clearly explain why remedial actionis warranted if baseline risks are within the acceptable risk range of 10"* to 10*4* A risk manager
may decide that a level of risk lower than 10"4 warrants remedial action where, for example, there
are uncertainties in the risk assessment results.

Risks will be managed by app ly ing EPA guidance in OSWER Directive 9355.0-30 to each
individual residential yard in Operable Unit 1 of the VB/I-70 Site. Thi s is because the exposureunit in the baseline human health risk assessment is the individual residential yard (or a sublocationof the yard) and baseline risks were calculated for each individual residential yard. EPA will makedecisions about whether remedial action is necessary on a yard by yard basis.

Consistency with the EPA guidance in OSWER Directive 9355.0-30 is thus achieved at
the VB/I70 S i t e by comparing the predicted carcinogenic and non-carcinogenic risks at each
individual property to the guidelines described in the directive.

T a b l e 1 reveals that there are between 662 and 1841 individual properties where the
predicted RME hazard quotient exceeds 1 for potent ial acute e f f e c t s associated with soil pica
behavior. In accordance with EPA guidance, remedial action is warranted at these properties.

T a b l e 1 also reveals that there are 99 individual properties where predicted RME cancer
risks exceed 10 *4. In accordance with EPA guidance, remedial action is warranted at these 99



properties. Of these 99 properties, there are 26 properties where the predicted RME hazard
quotient exceeds 1 for chronic non-cancer e f f e c t s , and 7 propert i e s where the predicted RMEhazard quotient exceeds 1 for both subchronic and chronic non-cancer e f f e c t s .

Remedial action at the 99 propert i e s which addresses unacceptable predicted RME cancer
risks will also address unacceptable predic ted RME non-cancer risks of subchronic and chronic
e f f e c t s but will NOT address unacceptable RME risks of acute e f f e c t s .

Considerat ion of Uncertaintie s in the Baseline Human H e a l t h Risk Assessment for Arsenic
Uncertainties in the Estimates of Cancer Risk

O S W E R Directive 9355.0-30 states that consideration of uncertainties in the baseline risk
assessment may lead a risk manager to decide that risks lower than 10"4 are unacceptable,
triggering the need for remedial action. EPA considered the uncertainty in the arsenic risk
calculations for VB/I70 to determine whether remedial action is needed at properties where risksare predicted to be less than or equal to 10"4.

EPA undertook several studies to increase the accuracy (reduce uncertainty) of the risk
estimates for the VB/I70 S i t e . The first was a study to investigate the relative bioavailabil i ty of
arsenic in the soil found in the V B / I 7 0 S i t e (EPA, 200 Ic). In the absence of site s p e c i f i c
information on relative bioavailabil i ty, it is common practice to use a d e f a u l t assumption as the
value for this parameter or to ignore relative bioavailabi l i ty altogether in risk estimates.
Measurements based on site s p e c i f i c soils s igni f i cant ly reduce the uncertainty in estimates of this
parameter. In the study on VB/I70 S i t e soils, relative b ioavai lab i l i ty was measured in f iv e
d i f f e r e n t soils collected from residential yards in the Site . Variabi l i ty in the relative bioavailability
of arsenic was observed between the f i v e d i f f e r e n t site soils EPA used a conservative estimate of
the mean of the f i v e values in the baseline risk assessment. T h i s approach is expected to
overestimate the true value of this parameter for any given soil in the residential yards in the Sit e .
T h u s the accuracy of the risk estimate was increased by using a V B / I 7 0 S i t e - s p e c i f i c value and
protect! veness was achieved by using a conservative estimate of the mean of all values measured
at the Site.

The second study (EPA, 200 Ib) was an investigation into the V B / I 7 0 Si t e - sp e c i f i c
relationships between:

• arsenic in yard soil and arsenic in house dust;
• arsenic in yard soil and arsenic in garden soils;
• arsenic in garden soils and arsenic in garden vegetables.



Establ i shing these S i t e - s p e c i f i c relationships reduces the uncertainty in quantifyingexposure and risk associated with incidental ingestion of soil and dust and ingestion of garden
vegetables.

When risks are described as point estimates, it is difficult to evaluate the level ofprotectiveness inherent in the exposure assumptions used to calculate the risks. A point estimate
of risk also does not provide any information about the uncertainties in the risk assessment.
Uncertainty can be analyzed to some degree by comparing the central tendency point estimates
and the RME point estimates. Large d i f f e r e n c e s between the RME risk estimate and the central
tendency risk estimate may indicate either a large amount of uncertainty in the estimates or a large
amount of variability in the exposure parameters within the exposed populat ion. At the VB/I70
site, the risk estimates indicate that cancer risks are within an acceptable range at properties if
average or central tendency exposures are considered. Cancer risks are unacceptable at 99propertie s if RME exposures are considered.

Another way to analyze uncertainty in risk estimates is by using Monte Carlo modeling, a
computer based mathematical technique in which exposure parameters are characterized as
probabi l i ty density funct ions (PDF) rather than as point estimates. The premise of Monte Carlo
modeling is that every assumption about exposure (e.g., the frequency of contact, soil ingestionrate) is a variable and can be modeled as a PDF. The PDF re f l e c t s a range of values with
associated probabilities. In a Monte Carlo analysis, a risk calculation is repeated thousands of
times using statistical techniques to select exposure values from the PDFs that characterize them.The thousands of combinations of exposure assumptions results in a range of risk estimates
expressed as a distribution of risks that may exist at the site for the populat ion being considered.

In theory, a Monte Carlo analysis can be performed for every property within the VB/T70
site. To s i m p l i f y the analysis, EPA performed screening level Monte Carlo modeling of exposureand risk associated with a selected concentration of arsenic in soil at the VB/I70 Site. The results,
which are included in the f inal Human H e a l t h Baseline Risk Assessment, indicate that the pointestimate of risk for the RME scenario is .located at the 99* percentile of the risk distribution. This
means that it is highly unlikely that the chronic arsenic exposures EPA has characterized for the
V B / I 7 0 site are actually occurring in the p e op l e who reside there. The 99th percentile indicates
that there is only a 1% chance that the RME chronic exposure is actually occurring at the Site and
that only 1% of the popu la t i on experience the RME exposure. These results indicate that thecombination of exposure assumptions used by EPA for the chronic arsenic exposure assessment atthis site may be at the upper bound of or even beyond the reasonable maximum exposure
scenario.

The Monte Carlo analysis also showed that at properties where point estimate of risk is
Ix 10"4, risks in the 90* percentile - 95* percentile range (the RME range) are 2 x 10'5 to 7 x 10'5.



The uncertainty analysis indicates that actual risks are much more l ikely to be lower than
the calculated point estimates of risks. Providing protection at the 1 x 10"* risk level based on the
point estimates of risk is l ik e ly to provide a level of protectiveness for the RME scenario in the
range of 2 x 10"5 to 7 x 10'5. There for e , in accordance with EPA guidance in OSWER Directive
9355.0-30, based on EPA's consideration of the uncertainties in the cancer risk assessment for
arsenic, remedial action is not warranted at those properties in VB/I70 where the point estimates
of risk are less than or equal to 10"4.
Uncertaintie s in the Estimates of Acute Risks

EPA also considered the uncertainty in the calculation of the risk of acute e f f e c t s f rom
exposures to arsenic associated with soil pica behavior in children. Two important f a c t s were
considered: (1) the d i s t r i bu t i on of soil ingestion rates for children with soil pica behavior is not
known and (2) the frequency with which such children exhibit the behavior is also not known.
T h e r e f o r e , the a p p l i c a t i o n of Monte Carlo techniques to analyze the uncertainty in the calculations
of acute risk is d i f f i c u l t and was not performed by EPA for the V B / I 7 0 Site .

However, EPA characterized the theoretical average and RME point estimates of acute
risk in screening level calculations. These estimates suggest that there are between 294 and 1511
individual propert ie s with soil arsenic concentrations that are predicted to result in acute hazardquotient greater than 1 for the average soil pica scenario. There are between 662 and 1841
individual propert ie s with soil arsenic concentrations that are predic ted to result in acute hazard
quotient greater than 1 for the RME soil pica scenario. The wide range of po t en t ia l ly a f f e c t e d
properties, 294-1841, r e f l e c t s the substantial uncertainty in quantifying these risks.

EPA guidance contained in OSWER Directive 9355.0-30 states that where the non-
carcinogenic hazard quotient for an individual based on the reasonable maximum exposure for
both current and future land use is less than 1, action generally is not warranted. EPA considered
the range of 662 -1841 properties where appl i ca t ion of this guidance indicates remedial action is
warranted. T h i s range is referred to as Case 1 (1841 proper t i e s) and Case 2 ( 662 proper t i e s) in
the Baseline Human Heal th Risk Assessment. EPA also considered the f o l l o w i n g :

• EPA is not aware of any reported cases of acute arsenic toxicity attributable to
ingestion of arsenic in soil.

• Limited data on urinary arsenic levels in residents of the V B / I 7 0 area and the
nearby G l o b e v i l l e neighborhood do not reveal the occurrence of high soil intakes
by children.

• Inquiries by the Colorado Department of Public H e a l t h and Environment
(CDPHE) into reports of known or suspected cases of arsenic poisoning in the
community surrounding the V B / I 7 0 site resulted in their conclusion, stated in a
July 25, 2001 letter, that "....it appears that there is no obvious or i d e n t i f i a b l e



problem of arsenic exposure from environmental sources in the area of concern."
(CDPHE, 2001).
In the summer of 2001, a community health study known as the "Kids at Play"
(KAP) Survey was conducted within the V B / I 7 0 S i t e by the Colorado Department
of Public Heal th and Environment and the University of Colorado Heal th SciencesCenter. The survey was f u n d e d through a grant from the Agency for ToxicSubstances and Disease Registry (ATSDR). The door-to-door survey included:
(1) a census of resident children less than 6 years o ld; (2) a questionnaire about
child behaviors related to soil contact; (3) collection of blood samples for leadanalysis and urine samples for arsenic analysis. To date, 1340 children have
part ic ipated in the KAP survey. Preliminary results indicate that less than 1% of
children tested have initial urinary arsenic levels greater than 30ug/L, a level which
ATSDR considers to be within normal levels. Upon repeat sampling no children
had urinary arsenic levels greater than 30 ug/L.

These considerations suggest that arsenic risk from soil pica behavior may not be ass ignificant as the theoretical calculations suggest. However, because of the high uncertainty
regarding the magnitude and frequency of soil pica behavior, more reliable risk estimates for this
scenario will not be pos s ib le until bener data are collected on soil intake rates characteristic of soil
pica behavior along with direct measurements of soil related exposures to arsenic.

Because of the substantial uncertainty in the risk calculations, the lack of evidence of soilpica behavior, the further lack of evidence that such behavior actually results in exposure to
arsenic, and the lack of obvious or i d e n t i f i a b l e problem of arsenic exposure in V B / I 7 0 , EPA hasdetermined that remediation is warranted at the minimum number of properties, 662, to address
the risk of acute e f f e c t s f rom theoretical exposures to arsenic associated with soil pica behavior inchildren who reside in the VB/I70 site. The Case 2 soil pica exposure scenario is considered the
more appropr ia t e scenario on which to base risk management decisions for risks associated withsoil pica behavior. Remedial action is warranted at properties where the acute hazard quotientexceeds 1 for the Case 2 exposure scenario.
Deve lopment of Pre l iminary A c t i o n Levels for Arsenic in Res ident ia l S o i l s at VB/I70

Preliminary action levels are exposure point concentrations (EPCs) above which some
remedial action is warranted. At the VB/I70 Site Operable Unit 1, the arsenic EPC is a
conservative estimate of the mean concentration within an individual yard. An EPC for arsenic
was calculated for each individual yard as part of the Baseline Human Heal th Baseline Risk
Assessment.



Propert i e s where remedial action is warranted will be i d e n t i f i e d by comparing the EPCs to the
prel iminary action levels. Consi s t ent with O S W E R Directive 9355 0-30, preliminary action levels
for arsenic in residential soils at VB/I70 are:

• An EPC of 47 mil l igrams per Kilogram (mg/Kg) which is the level of arsenic in soil
associated with an acute hazard quotient which exceeds 1 for the Case 2 RME soilpica scenario.

• An EPC of 240 m g / K g which is the level of arsenic in soil associated with an RME
cancer risk which exceeds 1 x 10*4 as a point estimate, 2x 10~5 as the 90*
percentile of the risk distribution, and 7 x 10"sas the 95* percentile of the riskdistribution.

H u m a n H e a l t h Risks A s s o c i a t e d with P o t e n t i a l Exposure to Leaf!
EPA's quantitative baseline human health risk assessment for the V B / I 7 0 S i t e

Operable Unit 1 also considered the heal th risks associated with exposure of residents to
concentrations of lead measured in soil co l lec ted f rom their yards The p o p u l a t i o n of most
concern for exposure to lead in soil is young children EPA evaluates risks associated with
exposure to lead by considering total exposure via all sources and pathways in the environment
rather than to site related exposures only. T h i s requires assumptions about the level of lead inf o o d , air, water, and paint as well as the level of lead measured in yard soils.

The adverse health e f f e c t associated with lead exposure that was considered by EPA is
lead-induced neurobehavioral e f f e c t s in children. EPA's OSWER determined that, in S u p e r f u n d
S i t e cleanups, EPA will attempt to limit exposure to soil lead levels such that a typical (or
hypothe t i ca l) child or group of similarly exposed children would have an estimated risk of no
more than 5% of exceeding a blood lead level of 10 micrograms per deciliter ( u g / d L ) (EPA
1994). EPA has id en t i f i ed this blood lead level as the level at which health e f f e c t s which warrantavoidance in children begin to occur.

The baseline human health risk assessment indicates that there is a greater than 5% chance
that a child will have a blood level of 10 ug/dL as a result of exposure to lead in soil at 1331
properties. T h i s predic t ion of lead risk was determined by using EPA's IntegratedExpo sur e /Uptake Biokinetic (IEUBK) Model. In order to increase the accuracy of the model
results, EPA used VB/I70 S i t e - s p e c i f i c data on the r e la t ionsh ip between lead in the f ine and bulk
f rac t ions of soil, the r e la t i on sh ip between lead in yard soil and lead in house dust (EPA, 200 Ib),
and the relative b ioavai lab i l i ty of lead in soils (EPA, 200 Id).
Cons idera t i on of Uncer ta int i e s in the Baseline Human H e a l t h Risk Assessment for Lead

In order to inves t igate some of the sources of uncertainty in the IEUBK model predictions
for the V B / I 7 0 S i t e , EPA ran the model a number of times, varying the values for dietary lead



intake, geometric standard deviation of blood lead levels, and soil intake rate to ref lect recently
published data. The results of the alternative model runs are presented in the final Baseline
Human Heal th Risk Assessment document.

The range of results indicate that there is a greater than 5% chance that a child will have a
blood level of 10 ug/dL as a result of exposure to lead in soil at between 2 and 1331 properties.T h i s wide range indicates substantial uncertainty in predictions of blood lead levels using the
ffiUBK model at the VB/I70 site.

EPA also predicted blood lead levels in children in VB/I70 using a d i f f e r e n t model than the
IEUBK. The results of this model ing e f f o r t , also presented in the f inal Baseline Human Heal th
Risk Assessment, indicate that there are no propert ie s where lead levels in soil are predicted toresult in a greater than 5% chance that a child will have a blood level of 10 u g / d L , suggesting that
remedial action to address lead in soil may not be warranted.
Considerat ion of Observed Blood Lead Values in Chi ldren Who Reside in VB/I70

EPA reviewed the available information on measured blood lead levels in the populat ion of
children in VB/I70 to better understand how well the IEUBK model was predicting blood leadlevels at the Site. The CDPHE o f f e r e d three separate blood lead testing programs to children
living in the VB/I70 site during the period 1995 through 2000 and provided the results of this
testing to EPA. Although the blood lead testing was not designed or intended to support risk
assessment, the data support the f o l l o w i n g conclusions:

• elevated blood lead levels do occur in children residing within the site
• soil is not l ike ly to be the main source of elevated blood lead levels in children
• the elevated blood lead levels that were observed in children within V B / I 7 0 are notclearly d i f f e r e n t from the elevated levels observed in children who live outside ofV B / I 7 0

In the summer of 2001, a community health study known as the "Kids at Play" (KAP)
Survey was conducted within the VB/I70 S i t e by the Colorado Department of Public Heal th and
Environment and the University of Colorado H e a l t h Sciences Center. The survey was fundedthrough a grant from the Agency for Toxic Substances and Disease Registry. The door-to-door
survey included: (1) a census of resident children less than 6 years o ld; (2) a questionnaire about
child behaviors related to soil contact; (3) collect ion of blood samples for lead analysis and urine
samples for arsenic analysis. To date, 1340 children have partic ipated in the KAP survey.
Preliminary results indicate that less than 3.2% of children tested have blood lead levels greater
than l O u g / d L .
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D e v e l o p m e n t o f P r e l i m i n a r y A c t i o n Level s for Lead in R e s i d e n t i a l S o i l s a t V B / T 7 0
Each alternative EEUBK model run predic t s that EPA's health goal for lead in soil will be

met at a s p e c i f i c average soil lead concentration or lead EPC in an individual yard. The
alternative model runs per formed by EPA resulted in a range of such EPCs Thes e are average
lead concentrations in a yard above which remedial action may be warranted to achieve EPA's
health goal and are referred to as preliminary action levels. The range of soil lead concentrations
is presented in T a b l e 2.

EPA considered the f o l l o w i n g factors in deve loping the preliminary action levels for leadf rom the range provided in T a b l e 2 that will be used in the f e a s i b i l i t y study for the VB/I70 Site:
• Avai lab l e blood lead data indicates that soil is not l ike ly to be the main source of

elevated blood lead levels in children in V B / I 7 0 .
• Predictions using an alternative model suggest that remedial action of soil may not

be required to achieve EPA's health goal for lead in soil.
Thes e fac tor s led EPA to deve lop two preliminary action levels for lead in soil at VB/I70:
(1) 208 n i g / K g as the yard EPC. T h i s is the soil concentration at the lowest end of therange of soil concentrations that the IEUBK model pred i c t s EPA's health goal will be
exceeded; and
(2) 540 m g / K g as the yard EPC. T h i s is the soil concentration at the midd l e of the range
of soil concentrations that the IEUBK model pred i c t s EPA's health goal will be exceeded.
Remedial action is warranted at any individual yard where the lead EPC exceeds either of

these preliminary action levels. Based on the indications from the available blood lead data and
the uncertainty that remedial action is warranted at all to address lead risks, EPA considers 540
m g / K g as the preliminary action level for engineering actions. T h i s recognizes that soil is not
l ik e ly to be main source of elevated blood lead levels.
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H e a l t h E f f e c t

acute non-cancer e f f e c t s
subchronic non-cancer
e f f e c t s
chronic non-cancer e f f e c t s
cancer e f f e c t s

T a b l e 1
Summary of Baseline Human H e a l t h Risk Assessment for Arsenic

VB/I-70 Residential Soi l s
Average or Central Tendency Exposure

Range of Calculated Risks

.07 < HQ1 < 100

.003 <HQ <0.8

.04 < HQ <2
2 x 10"6 < Cancer < 9 x 10'5

Risk

# propertieswhere risks arepredicted to be
unacceptable

294-1511
0

2
0

Reasonable Maximum Exposure
Range of Calculated Risks

0.2 < H Q < 3 0 0
0.01 < H Q < 3

0.1 < H Q < 5
1 x 10'5 <Cancer < 8 x 10"4

Risk

# properties whererisks are predictedto be unacceptable

662- 1841
7

26
99

1. HQ = hazard quotient, de f ined as ratio of predicted site dose to reference dose
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T a b l e 2
Alterna t iv e Preliminary Action Levels for Lead in Soil

V B / I 7 0 S i t e
IEUBK

A Model| Run
1
2

3
4

1 5

1 6

1 7

1 8

soil intake
rates

d e f a u l t
d e f a u l t

de fau l t
d e f a u l t
d e f a u l t
d e fau l t
d e f a u l t

Stanek andCalabrese,2000

Dietary Lead
I n t a k e Value s

d e f a u l t
revised

de fau l t
revised
revised
de fau l t
revised
de fau l t

Geometric S t a n d a r d
Deviation of Blood

Lead Value s
1.6 ( d e f a u l t )
1.6 ( d e f a u l t )

1.4
1.4
1.3
1.2
1.2

1.6 ( d e f a u l t )

Predicted Lead Soil
Level at P10 < 5%'

( r a g / K g )
208
246

326
362
443
542
58 1

1100

1. P10 < 5% = less than 5% probabi l i ty that blood lead levels exceed 10 ug/dL
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